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This dissertation defines electromagnetic properties that are responsible
for directing subterranean termite foraging behavior. Research identified specific
frequencies and intensities that can attract Coptotermes formosanus Shiraiki and
Reticulitermes flavipes (Kollar) to the site where the electrical fields are
generated and defined one repellant frequency and intensity for C. formosanus.
US Patent Docket Number 2343-215 PCT and MSU disclosure 05-0606-163
were filed based on the results. Data showed that frequencies and intensities
were different for attracting the two species. Future work will address new
alternatives for addressing termite infestations that will reduce and change the
amounts and use of current termiticides.
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CHAPTER 1
INTRODUCTION

In the southern United States, specifically Mississippi (Figure 1),
Coptotermes formosanus Shiraki is expanding its foraging territory since its
introduction 50 years ago (Figure 2). The Formosan termite’s expected northern
ecological limit is approximately the 35o N latitude near the
Mississippi/Tennessee border (1, 82). In 2005 the Mississippi State University
Coastal Research Experimental Station identified seven new counties in
Mississippi that have become infested with the Formosan termite. Mississippi’s
lower coastal counties and several of the bordering counties have significant
Formosan infestations, and studies are ongoing mapping the distribution (68).
The spread of the termite colonies into the rest of Mississippi’s counties is a
concern since its vast forest system permits the termite colony expansion to go
unnoticed (I have seen C. formosanus distribution through the forest of Stennis
Space Center). In August of 2005, damage caused by Hurricane Katrina exposed
infestations in trees and homes that previously were unknown. Extreme forest
damage occurred leaving a collection of cellulose for the expansion of the
populations of wood-destroying organisms.
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Mississippi likely will soon experience exponential expansion ofFormosan
termite colonies. Large debris disposal sites consisting of both non-infested and
Formosan-infested cellulosic materials have been established along the gulf
coast creating the opportunity for large Formosan termite colonies to remain
unnoticed as they develop. Formosan termites not only infest homes, but also the
heartwood of living trees, shrubs, and crops creating a need for alternative
control (3, 4, and 61).
Mississippi leads the nation in policies formulated to slow the distribution
of the termite by human redistribution, beginning with Mississippi’s Department of
Agriculture and Commerce establishment of Rule 40 under SECTION 69-25-25
in January 22, 2002 that declares the Formosan termite as a nuisance and
prohibits the transport of cellulose debris from C. formosanus-infested counties in
MS (Adams, Amite, Covington, Forrest, George, Greene, Hancock, Harrison,
Hinds, Jackson, Jasper, Jones, Lamar, Lauderdale, Lincoln, Madison, Marion,
Pearl River, Perry, Pike, Rankin, Smith, Walthall, Wilkinson) or regions of other
states infested with C. formosanus through or into non-infested counties.
Formosan termite infestations are documented in ten other states: Alabama,
Florida, Louisiana, Texas, Georgia, South Carolina, North Carolina, Tennessee
(Shelby County infestation in Memphis near the MS TN line), California, and
Hawaii (82, 53).
Current research is focused on improving responsible control procedures
to manage existing and future infestations of Formosan and native termites.
Control procedures for subterranean termites in homes and urban trees have
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drawn criticism because large volumes of termiticides are applied under and
around infested areas. This has stimulated the development of environmentally
conscience controls such as bait stations that have been marketed as a way to
reduce the volume of chemical treatments. Bait stations expose the termite food
source (wood/cellulose) below ground so termites find the wood in bait stations
as they blindly forage through the soil (13). A food source laced with small
protected amounts of chemicals that are designed to kill termite colonies replace
bait wood as it becomes infested, and as the termites forage on the treated bait
and return to nest sites they spread the chemical to other colony members
through mutual grooming and feeding (trophyllaxis) (11, 30, and 82). Current
baiting technology has drawn efficacy questions from competing chemical
companies, some pest control firms, and the Environmental Protection Agency
(28, 36, 67, and 90). In my observations and a research project termites take 3-6
months to find the bait stations, depending on climate and conditions where the
monitor is placed (48). This is due to misplacement of stations and because bait
stations fall in random areas around structures where the termites may or may
not forage, leaving some stations never to be found by termites. Not placing bait
stations in conducive foraging areas where termites are expected or use of
natural termite attractants has lead to reducing of the number of monitors/baits
that termites find (48). Technologies are needed to assure the efficacy of bait
stations. Increasing the efficiency of bait stations will increase their use, thus
aiding in reducing the volumes of termiticides being placed under and around a
habitable spaces.
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Currently, termite control technologies that are alternatives to treatment of
soil with termiticides do not address directing the movement of insects. Rather,
these patented technologies rely on treating limited zones or sites that are
infested with wood destroying organisms. They rely on physically killing termites
or changing the biological conditions where the infestation is occurring, creating
non-conducive conditions for the insect to inhabit the area. These technologies
described below are not widely used and have not been successful in the market
place.
Electronic high-frequencies (HF) have been patented to physically kill red
palm weevils infesting palm trees; a mobile device generates high levels of
energy to physically kill red palm weevils (41). Other HF generation devices have
been patented to create a lethal temperature for biological organisms, killing the
organism at the site of infestation. Fungi, wood boring beetles and other wood
infesting organisms are physically eliminated by heat and desiccation from the
targeted site with no protection from re-infestation. Only insects present at the
targeted site are affected by temperatures (above the insects’ biological limits)
(72). Electrical power has also been patented to be passed through a cable
below the housing structure operating on 120 volt current; no research is
attached defining the mode of action. It is believed to repel termites (68, 69).
Radio frequency (RF) devices have been patented to heat areas where insect
damage is present; these target wet wood. They dry the wood, creating desiccant
conditions whereby target organisms are physically eliminated (75, 76). A patent
was issued for using high-powered microwave frequencies to remove pest
4

organisms from solid structures. They create unfavorable conditions at the site of
infestation that kill or repel general pests (75, 76). RF devices also are patented
that cause adverse effects on the organisms’ nervous systems, physically killing
the organism (81).
Other patents hold claims using ultrasonic waveforms to repel pests such
as roaches, bees, and rodents (63); EPA research tests disproved the claims on
Coleoptera (10). Microwave technology has been patented that uses generators
and receivers to repel or deter insects at the receiver site, using heat to
physically kill the organisms. The system relies on the frequencies to dry the
surrounding area (52). Electromagnetic pulses at different frequencies and
intensities have been patented and claimed to disrupt and destroy agricultural
pests on a cellular level (98). HF technology has been patented that destroys
eggs of pest organisms (100). The use of electronics also has been patented and
claimed to kill pine nematodes (58).
These technologies use electrical sources to physically kill, disrupt or repel pests
by creating adverse physical conditions in their environment, physically stressing
the organisms’ cells and nervous system.
Additional patented technologies are designed to detect termites in
infested wood using HF systems to locate termites in solid wood (23, 24). Still
other patented technologies are based on alerting pest control personnel that
previously-installed bait stations have termites present that are infesting bait
stations (8, 34, 60, 71, and 91). These devices reduce disturbance to the bait
station during periodic inspections, which has become a problem for pest control
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operators. No device mentioned uses electromagnetics at low intensities with
extremely low frequencies to direct the movement of subterranean termites.

Objective
The objective of the following research is to investigate if specific intensities of
electromagnetic frequencies (Radio Frequencies) can be generated to direct the
movement of subterranean termites to sites where specific electromagnetic
frequencies are generated. It is hypothesized that the technology will alter the
foraging behavior of termites positively or negatively to a frequency-generating
site, thus directing movement of subterranean termites (C. formosanus and
Reticulitermes flavipes (Kollar). This technology is intended to enhance the
efficacy of current pest control technologies (e.g. bait stations) by its addition or
to be used as a stand alone product for the control of termites. Disclosed
frequencies may also be used to identify potential problem zones in existing
structures.
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CHAPTER 2
BIOLOGY OF SUBTERRANEAN TERMITES

Termites are eusocial insects belonging to the Order Isoptera; Family
Rhinotermitidae. The subterranean termites form a social structure that is divided
into a caste system (97). The system is as follows: 1.) workers, 2.) reproductives
(A. primary /founders: king and queen, B.) secondary reproductives, and C.)
alates or swarmers), 3.) soldiers, 4.) larva/immature. In South Mississippi and
South Florida, population numbers for a single colony of Reticulitermes flavipes,
the eastern subterranean termite (EST) have been reported to be between
51,000 for a new colony and up to 5 million for an established colony (11, 14, 51,
55, 64, and 84). Howard et. al (49) stated that an average R. flavipes colony has
245,000 individuals. Formosan subterranean termites (FST) colonies are
considerably larger than those native termites, and one colony in Florida was
reported to have 7 million foraging termites (51). Henderson stated that some
FST colonies may have over 10 million individuals (45).
Subterranean termites feed along the grain of wood, forming galleries as
they excavate the springwood portions of successive annual growth rings. Since
the summerwood portions of annual rings remain largely intact, the infested wood
assumes a laminar appearance (Figure 3). Subterranean termites have a soft
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exoskeleton, reducing their ability to conserve moisture and confining them to a
moist environment. Wood that penetrates or contacts the soil is a primary target
of termites because it becomes part of the termite ecosystem. When food
sources in the soil are harder to find, termites forage for food above the soil. As
they cross open spaces, subterranean termites build soil tubes (shelter tubes)
from soil and body fluids to protect them from dry, desiccant atmospheric
conditions and to provide protection against predators such as ants (40, 51)
(Figure 4). Subterranean termites maintain a high relative humidity (near 98100% relative humidity) within these tubes and pathways. Tubes on foundation
surfaces are a visual indication that an infestation has occurred or is occurring in
a structure (40, 51). Termites themselves are not able to see, as many insects,
and rely on branching from the main tubes in a non-random pattern to find food
(70). Oi states (70) that foraging is not random and that subterranean termites
follow the path of least resistance. They efficiently use a branching technique so
that they never intersect or repeat search patterns, losing time and energy in
finding food (92, 93). For example, if native termites build a three tube system,
the branches would be separated by 1200 or if four, the angle would be 900 (93).
These branching patterns are not randomly achieved, reducing foraging time by
the colony. Once a food is found, repeated visits are made by the worker caste of
the colony and a pheromone trail is established. This is considered a form of
communication stigmergy and is how termites know what shelter tube leads to a
secure food source or what tube goes back to the soil. This pheromone trail
recruits and directs more workers to the food source (17, 18, 21, and 74). Many
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chemical stimuli have been identified to which termites are attracted; one
compound (2-pheonxyethol) that mimics a trail marking pheromone is found in
the ink of some ball point pens (17). Subterranean termites produce pheromones
in the sternal gland, and microbial research has shown that compounds that
mimic these pheromones are produced by fungi that attract termites (5, 21, and
30). Formosan termites have shown an ability to follow the pheromone trails of
native termites but not the reverse (21). Pheromone levels in termite nests
regulate the ratios of caste numbers (soldiers: workers) and also help individuals
identify other individuals as related colony members (11). Unlike native termites,
it is thought that Formosan termite populations may share interconnected
foraging galleries in soil, allowing a super highway for populations to forage,
resembling a super-colony (48). Another ability that separates Formosan termites
from native termites is their ability to nest above the soil, creating carton nest
sites within structures (Figure 5) (42). Carton is constructed of wood, saliva, and
excrement, and is a moisture sump allowing the termites to survive out of soil
contact inside trees and structures. Carton can be seen in the wall voids of a
colonized structure, and over time it often becomes heavy, causing sagging or
bulging between wall panels and the studs (40, 51). Subterranean termites
native to the US rely on the soil, leaks in building exteriors or plumbing and/or
shelter tubes for a moisture source.
Workers make up the largest percentages of the termite caste system and
cause economic damage by feeding on the wood of structures. They are white to
yellowish white and have small rounded heads (Figure 6). They altruistically feed
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the colony, groom the queen, excavate the nest, and make foraging tunnels (15,
84, 89, and 92). Workers are sterile and are not sexually involved in
reproduction. Su (84) states that a single FST worker cannot consume more than
an EST worker. One theory given as to why greater destruction is observed with
FST infestation is credited to the FST population size being far greater than that
of the EST (70, 82, and 85), and caste ratios vary greatly between species. It is
said that 60,000 workers of Reticulitermes spp. can consume a 2x4 (e.g. wall
stud) in 118-157 days (55) and a normal FST colony can consume the same size
board in 19 days (14). Major responsibilities of the worker termites are feeding
the colony, so searching or foraging for food is an important task, as previously
discussed (57). FST studies have shown interspecific interactions between
native/exotic termites during foraging (20). Under manipulated situations using
high ratios of FST soldiers, the worker termites of FST out-competed the EST
workers in foraging range when one food source was available (20). High
population densities of FST soldiers could possibly explain the aggressive
foraging and feeding behavior that is observed in FST. In normal interspecific
social interaction, FST and EST prefer to avoid each other when more than one
food source is present. FST create a greater foraging area, but they do not
displace EST (20). Workers are drawn to moist and decaying wood, and
research using natural decay fungi, especially brown-rot fungi and wood decayed
by them, has indicated that both FST and EST are attracted to the decay fungi
(5, 6, 21, and 30). Workers of FST limit search energy spent foraging by sending
one to two search termites per tunnel to forage (42). Termites evenly divide new
10

search areas and build main tunnels for foraging (47, 70). Ecologically this shows
efficient energy consumption and it reduces predation to the overall colony. FST
do not search long if food is not found, and tunnels leading to non-food sources
are maintained or repeatedly visited. FST show preference to large food sources,
indicated by increasing tunnel size and worker density when large and small food
sources were compared. FST also showed favored movement towards moist
wood infected with fungi, as in previous studies (22, 43). Foraging distances
were measured for the greatest length, and FST foraged for 330 feet (79.2 m)
covering 1.5 acres (0.607 hectare) while EST foraged 260 feet (100.5 m)
covering 0.5 acre (0.202 hectare) (11, 14, and 59). Workers play a critical role in
social responsibilities through trophallaxis. Trophallaxis is the transfer of
chemicals to nest mates, creating a social recognition between individuals. This
occurs through mouth to mouth feeding to other caste members from
regurgitation or the feeding on remnants of hind gut left behind from molting of
immature termites. This insures that the microfauna of the developing workers is
intact for cellulose decomposition and assures that the caste members pass on
pheromones for colony recognition (11).
Soldiers are similar in size and color to workers but have pronounced
heads and mandibles (39, 51, and 64). The FST has a bulbous teardrop (oval)
shaped head that is yellow/orange/brown in color with curved mandibles and
serves as protectors to the colony (Figure 7). FST soldiers are unique because
they are able to deploy a sticky paralyzing saliva for protection from predators.
This fluid is a white viscous fluid that is secreted from the fontanel of the head
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(84). Soldiers are an ecological energy cost to their cast, but their specialization
for defense is at times more of a benefit than cost. There are many predators of
subterranean termites, but their greatest predators are ants (9, 39, and 51).
Depending on the species, soldiers make up different percentages of the cast
system, and FST soldiers make up 10-20% of the population on average (20).
Aggressive FST foraging populations have been documented to have as many
as 60% soldiers in natural populations (20). Waller and LaFage (96) concluded
that soldiers of FST are more aggressive than those of EST. This can be easily
observed once a section of FST-infested wood is disturbed. Immediate reaction
from the FST soldiers will be noticed and they will display a decisive act of
sacrifice for the colony verses the non-aggressive behavior displayed by EST to
a disturbed site. Cornelius and Osbrink (20) have shown that 18% soldier: worker
ratios in test populations of FST increased foraging activity.
Reproduction is the survival mechanism for all life and is the natural way a
colony can spread. From a parent colony, winged termites, male and female,
disperse into wind currents to favorable places away from the colony, pair
together and sexually reproduce (47, 62, and 82). These winged termites are
referred to as swarmers or alates. They are the king/queen of the new colony.
Generally, alates of the native US species of Reticulitermes fly from late March –
May depending on species and location, usually in the morning, but also in the
evening when atmospheric conditions are moist (82). FST alate flights generally
occur, but are not limited to, May through July and, from my observations, the
largest density of flights occur two weeks (+ or -) one day generally starting
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around mothers day in May. Unlike those of the EST, FST alates fly from at night
and are attracted to light (Figure 8). Alates are used to easily identify the EST
from the FST. FST alates are honey/ yellow brown in color compared to the dark
black EST (Figure 9). FST alate body size is generally bigger than EST alates
and FST wings have tiny hairs covering the wing surfaces that are visible using a
magnifying hand lens, whereas the EST wing surfaces are not hairy (39, 51, and
64). Alates travel small distances using their wings and air currents (62). Alates
are subject to predation, and fall prey to birds. After flight, alates fall to the
ground, dealate (shed wings) and pair male to female. The female searches for a
nesting site, usually near wood in a moist spot, with the male not far behind. After
copulation, the female creates a nuptial chamber where she lays about 15-30
eggs that hatch within two to four weeks (82) (Figure 10). They care for the
young termites until they reach the third instar. One or two months later the
queen will lay a second batch of eggs which will eventually be cared for by the
first-born nest mates (84). Colonies are usually small at first and take four to five
years before a caste can reach a number to produce alates, which is considered
a mature colony (4, 39, 51, and 64).
Secondary reproductive termites in a maturing colony look like workers but
are a little larger and have enlarged wing buds present (Figure 11). They assist
the queen by laying eggs, usually secondary reproductives assume the queen’s
role when she is weak or is no longer present. As colonies expand, the
secondary reproductives may become separated from the main colony, creating
a satellite colony (4, 39, 51, and 64). Once isolated, the satellite colony will
13

become an individual colony, genetically displaying different traits than their
parent colony (94)
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CHAPTER 3
FORMOSAN TERMITE DISTRIBUTION

There are 2,500 species of termites in the world and 28 of these are in the
Genus Coptotermes, which is considered the most damaging genus of the
subterranean termites (82). Coptotermes formosanus is an exotic pest in the
United States and has been introduced from Hawaii to Texas, Louisiana,
Mississippi, Alabama, Georgia, Florida, South Carolina, North Carolina,
Tennessee and California in the last 50 years (Figure 2) (4, 39, 51, 78, 84, and
99). In the early 1800’s, trade in the ancient marketplace spread the Formosan
subterranean termite around the orient, and later intercontinental trade
established between China, Japan, Taiwan and Hawaii brought the first FST
infestations to Hawaii. This exotic pest that now is established in our southern
port cites was brought to the US mainland ports in infested wooden creates
previously stored in Hawaii and the South Pacific during World War II (12, 37, 78,
79, and 84). C. formosanus was first discovered on the US mainland in the
1950’s. C. formosanus was found in a floating dry dock of the shipyards at
Galveston, TX in 1956, but it was not correctly identified in Galveston until 1966,
Houston, TX in 1965 (39, 77) and in Charleston, South Carolina in 1957 but not
positively identified until 1967-69 (16, 31, 82, and 84).
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In 1966, Formosan termites were identified in New Orleans and Lake
Charles, LA (59). The spread of the termite has been documented in Madison,
MS and this movement of 220 miles (354 km) has only taken 50 years. As of
now, the Formosan termite remains inside its ecological migratory limits from the
southern coast to the anticipated northern limit 350 N latitude (82). In time, the
termite is expected to move out of this zone because of modern heating systems
(84). FST have spread from the port cities of Louisiana into nearly all of its
parishes and almost all of lower Mississippi and Alabama (99).
FST are the most economically important species of the genus (82, 84),
with termite damage in the past estimated to cost the US 1 billion dollars annually
(4, 18, and 61). Recently, damage reported for subterranean termites had been
estimated by the National Pest Management Association at 5 billion annually.
FST are a major pest along our gulf coastlines, with an estimated $300 million
annually spent for control and repair costs in New Orleans alone (4, 59, and 84).
FST’s expansive foraging capacity, large colony size, ability to cause extreme
economic damage, and a cryptic nature makes it a severe pest wherever it
establishes itself (82, 84, and 94). The ability of the termite to invade and
damage unprotected structures: historic, traditional, and new component
structures is changing the way pest management companies treat structures and
has increased the need for properly built structures using treated wood in
construction practices (4, 40, 51, 55, 64, and 77). The fear of the Formosan
termite in most pest control markets causes pest control firms to omit this species
from their warranty liability contracts because the FST colonies are larger and
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can nest outside of the soil causing more damage than native subterranean
termites. The Formosan termite is establishing itself in the South and its behavior
is different from the native termites. Integrated Pest Management (IPM) systems
and other controls are being researched, creating data for control of the FST.
FST do extensive damage to homes and have been credited as being “the most
economically threatening insect in the world” by the US Agricultural Research
Service (ARS) in 2000 (4, 61). Understanding how wood, building design, and
termite biology work together is the start of a proper IPM system and is the only
way you can protect a structure from subterranean termites, especially the
Formosan termite.
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CHAPTER 4
TERMITE BAITING

Termite baiting systems exploit the normal foraging of termites by using
applied biology to control termite colonies. Worker termites search for food,
preferably in contact with the soil. Wood (cellulose) is placed in soil locations that
are conducive to termite activity; worker termites locate the wood during random
foraging and begin to eat the wood. In current baiting systems, a treated food
source (insect growth regulator (IRG) or non-repellant toxicant) replaces the
untreated wood food source that has become infested, allowing the termites to
continue to feed on a chemically treated food source, so that the termites will
return to the colony to distribute the food to other termites of their colony (13, 86).
Esenther and Beal (30) first used the biology of termites to formulate a control
procedure in 1979 by treating the food source (wood/cellulose) with a slow-acting
chlorinated hydrocarbon insecticide (Mirex) that would be carried back to the
colony before the termites died. The design was to control populations of
subterranean termites (30). They exposed treated baiting blocks of wood to
termites in extreme conditions at the Harrison Experimental Station in Saucier,
MS, (American Wood Preservers Association (AWPA) Hazard Zone 5) where
historically a high density of termites exists.
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Tests examined the efficacy of baits by observing their ability to control
natural populations of termites in logs, and the probability of their use to protect
housing structures in pre- and post-construction situations using the technique.
The bait-block treatments had efficient control even when exposed bait blocks
had competitive cellulose sources from the surrounding forest (5, 7).
Esenther and Beal (30)used previous research that documented that
termites were attracted to naturally decaying wood (5, 7) and applied the biology
as an attractant to direct the termites to a Mirex toxicant. In their conclusions,
Esenther and Beal (30) proposed ideas that new chemicals to be used with the
bait block techniques could be insect growth regulators or slow acting toxicants
as seen in current baiting systems. Baits were not commercially used to control
termites for another 27 years because of the success of Chlordane as a soil
treatment against termites during that time.
In the1960’s & 70’s, the pest control industry relied on chlordane (an
organochlorine) as a barrier system, using its residual longevity and toxic
properties to protect homes from subterranean termites. However its longevity
and toxicity were the properties that lead to its discontinued use. Negative results
from toxicological studies on chlordane enabled a usage reduction enacted by
the Environmental Protection Agency (26). In 1980, most agricultural uses were
banned, and by 1988 the chemical manufacturer of chlordane and the EPA
negotiated a mutual agreement to eliminate the chemical from the United States
market and to eliminate chlordane from the use category as a termiticide (26,
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61). Chlordane was replaced by chlorpyrifos, another soil treatment, and baiting
was not yet available in a commercial form.
Chlorpyrifos (organophosphate) and pyrethroids (active ingredient e. g.
permethrin, cypermethrin, and bifenthrin) were then marketed in the use category
as termiticides for soil treatment. Chlorpyrifos has toxic effects on termites but its
persistence in the soil is shorter than the oranochlorines, varying soil types affect
its toxicity, and it was found to be a neuro-toxin (27). Chlorpyrifos was widely
used in all agricultural markets similar to chlordane. In 1996 the EPA carried out
a risk assessment on chlorpyrifos and upon its findings in 2000 canceled its use
as a termiticide (27, 61).
Eliminating the use of chlorpyrifos as a termiticide left the market open for
pyrethroids. Pyrethroids are repellant to subterranean termites and, while they
are more persistent in the environment than chlorpyrifos, they are not as forgiving
to pest control technician error or alterations of the treatment barrier by
homeowners (56, 61, and 83). As a result, subterranean termites can detect the
repellant chemicals and forage along the treatment barrier until a void in the
barrier is detected. A void allows termites to invade structures as documented by
Su and Scheffrahn (83).
Su and Scheffrahn (83) state that a void in a soil treatment is almost
unavoidable even when a “good” treatment is applied, and challenges associated
with controlling the Formosan termite created a suitable market for the
commercialization of baiting systems. In 1994, hexaflurmuron was introduced by
DowElanco (now Dow AgrowSciences) for use with a termite monitoring station
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as a system called the Sentricon Termite Elimination System, and for ten years
baiting systems were used for termite control, reducing the use of the standard
trench and treat termite control chemistries (29). As a result, Dow reported in
2000 more than 300,000 structures were being protected using this system,
winning the technology awards for green technology (29).
A decrease in the use of bait systems in general has been noticed in the
last five years because of several efficacy problems. The commercial baits use a
two part system, a wooden monitor and a bait cartridge. The wood monitor is
placed in the ground to establish foraging galleries to the site. Then after
infestation, a sealed toxicant replaces the infested wood. Disturbance from
monthly inspection of the bait station and the installation process of the toxicant
disturbs termite foraging causing termites to flee from the site, thus slowing
termite response (Conversations with Durell Husley of Red Pest Solutions).
Research conducted to test the behavior of subterranean termites in wood when
disturbance was applied in laboratory settings showed that disturbance can
cause a retreat response by the termites, but termites will re-infest the site after
disturbance has occurred (50, 87, and 96). Arguably, pest control professionals
still note that FST will not revisit bait sites if frequently disturbed. In my
experience collecting FST this has not been a problem as long as about 1 gram
of FST are kept and placed back into the new collection station. The problem is
initially getting the termites to the collection stations. Bait station placement
should be placed in strategic places near structures where conditions would be
conducive for termite activity (48). These stations often are not contacted by
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termites through random foraging or had slowed termite response to the monitor,
creating a lag time in termite treatment. Research showed proper placement of
baits is the key to luring termites to a wood source, especially in remedial posttreatment studies (30, 70, and 73). Presently, baits are used as a stand-alone
treatment or used in conjunction with barrier chemicals like repellants and nonrepellants, eliminating the goal of reducing pesticide usage around homes and
increasing the cost to the homeowner. Non-repellant chemicals have been
marketed as alternatives to baiting systems, claiming direct control with 100%
success. This changed the designed use of baits to simply pest monitors
documenting the success of colony reduction by soil treatments.
Non-repellant chemicals (e.g. non-repellant actives: fipronil from BASF;
imidacloprid Bayer; and chlorfenapyr from BASF) are not detected by termites,
allowing the termites to come into contact with the toxicant. The termites pass
through the chemical barrier exposing them to the active ingredient, then the
termites take the chemicals back to other termites where mutual grooming and/or
trophallaxis occurs (95). The marketing of these products took advantage of the
perceived baiting efficacy problem. Non-repellants could show a continuous
barrier around the structure, not relying on random foraging. The marketing of
non-repellants has dissolved the once rising confidence of baiting systems by
selling quick application and immediate control. The EPA formed a scientific
advisory panel to address efficacy of baits and form a testing protocol
establishing an 80-90% efficacy rule on new and existing baits (28, 36, and 90).
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In 1960 the bait block technique disclosed an environmentally sound
technique to eliminate termites. Esenther & Beal (30) proposed weakness that
would affect baiting systems when used as a remedial treatment, identifying that
some housing situations have conditions that would be more conducive to
termites than others and that bait blocks should be placed in areas where
conducive conditions exist. Since inefficiencies have occurred with use of baits,
numerous scientists have echoed these same statements (48, 70).
Amburgey and Smythe (5) showed that extracts of decay fungi mycelium
directed termite movement either to or away from the site where the extract was
placed, depending on the fungus species used. They also showed that certain
media and fungal strains created greater attraction, arrestant behavior in
foragers, and act as a feeding stimulant. Research through the next two decades
has shown that decay fungi have different effects on foraging termites (5, 7, 18,
30, and 74). Knowledge transfer using wood decay fungi as an attractant in
commercial baits is needed to increase the efficacy of termite bait systems, but
currently this is not being used as a standard in industry.
Bait stations need to be inclusive with an attractant (e.g. decayed food
source), a toxicant, and inspection equipment that are up to date with technology
to reduce the impact of disturbance to the baited site.
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CHAPTER 5
DISCOVERY AND INNOVATION

Research on the effects of electromagnetics on termite foraging began 16
years ago from observations at the Lualualei Naval Facility on Oahu, Hawaii
where disruptions of communication with submarines were occurring via
Coptotermes formosanus infestations of wooden poles supporting antenna
arrays. After multi-year field observations using supplemental wood preservatives
to control termites in utility poles supporting antennas at Lualualei, it was noticed
that radio frequencies (RF) likely were altering the behavior of C. formosanus
(US Patent # 6,837,001). Using limited information on the communications
systems supplied by the US Navy, and research observations, a series of tests
was begun to verify initial field observations in replicated lab tests. Information
released to MSU by US Navy personnel stated that frequencies generated at
Lualualei were near (30 MHz) while using high power intensities (a couple of kilowatts) to push the signals around the world. Discussions with Dr. Pat Donohoe
of the Mississippi State University Electrical Engineering Department indicated
that he felt that the antenna arrays described do not commonly produce the
frequencies that were given by naval personnel. Not knowing the size of cables,
an exact frequency, nor the intensities that the US Navy was using, we decided
to try some X-frequencies at some Y-intensity.
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Since the wire used in the communication antennas could make audible
sound, mechanical vibration, and electromagnetic properties any one or
combination of these could be affecting the behavior of subterranean termites.
After testing mechanical vibration, a frequency generator and generation
device were coupled to experiment with directed movement of C. formosanus to
define specific radio frequency fields that were responsible for directed foraging
of termites. In general, a wire carrying alternating current was used to generate
fields in (Figure 45). We wanted to simulate what was occurring in Hawaii using
lower field levels to avoid trouble with the Federal Communication Commission
(FCC). A coil of solid copper wire was fashioned around a wooden core; this
concentrated the field within the wood (Figure 46) similar to what would be
observed when high-powered communications are generated. This was an
elementary way to produce the fields associated with large-scale naval
communication arrays. A simple diagram (Figure 46) depicts the field
surrounding the wooden coil used to simulate the low frequency broadcasts that
are associated with high-powered communications.
Information gained from this research was used in a Google search that
revealed information on submarines and communications that were not
previously known to Mississippi State University Forest Products Lab scientists.
Information generated from the search showed the tested frequencies that
directed FST movement in our initial tests were similar to the range of
frequencies that was said to be used for submarine communications. These
frequencies are stated to be used for communications because the wavelengths
25

penetrate seawater and have the ability to travel long distances. These
frequencies are published by the Federation of American Scientists (32). The
Lualualei Naval Facility in Oahu, Hawaii was listed as one site that produced all
associated frequencies, and this was the only active site where all associated
frequencies were still in commission (Figure 47). This spectrum was used as a
reference for choosing frequencies for the tests described in the following
Chapters (Figure 47, 48, 49, and 50). Some of these frequencies are related to
tactical submarine frequencies (Figure 51).
The United States Navy uses these frequencies in their communication
technology at high-powered Very Low Frequencies (VLF) & Low Frequencies
(LF) broadcast stations. Lualualei Naval Facility in Oahu, Hawaii is the only
active site that hosts (VLF) & (LF) transmitting systems and is the site where
directed behavior of FST was first observed (32). A list of acronyms and
wavelengths is shown in Figures 48, 49, & 50. ELF & SLF band broadcasts offer
a high degree of communications to tactical submarines. These broadcasts have
a low data rate but establish global coverage, seawater penetration at great
depths (tactical coverage) and since these waveforms are deflected by the DZone of the Ionosphere they are less affected by atmospheric noise from solar
flares, lightning and other electrical anomalies. Submarine positions and
frequencies are also listed in Figure 51. This information associates our tested
frequencies that are hypothesized to direct termite movement with the submarine
communication spectrum and associates the frequencies to the site from which
the project started at Lualualei Naval Facility on Oahu, Hawaii. All information
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obtained about submarine communication was obtained from the Federation of
American Scientists (32).
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CHAPTER 6
THE INFLUENCE OF MECHANICAL VIBRATIONS ON DIRECTED
MOVEMENT OF TERMITES

Introduction
US Patent 6,837,001 has been issued that states that movements of
Coptotermes formosanus are influenced by electromagnetic fields. This
experiment was designed to determine whether vibrations, rather than some
other parameter of electromagnetic fields, are responsible for the positive
directed movement of C. formosanus and to determine whether both C.
formosanus and Reticulitermes flavipes, our native eastern subterranean termite,
are similarly affected by vibrations.

Hypothesis
The purpose of this experiment was to test the hypothesis that the positive
directed movement (non-random foraging) of C. formosanus and R. flavipes is
influenced by mechanical vibrations, rather than electromagnetic fields as
observed in US Patent 6,837,001.
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Methods
Field tests were conducted at two locations, the Louisiana State University
(LSU) AgriCenter Citrus Experimental Station in Port Sulfur, LA where colonies of
C. formosanus were seeded, and Mississippi State University’s (MSU) John W.
Starr Memorial Forest, Dorman Lake test site near Starkville, MS where R.
flavipes are know to exist.
The field test site at the LSU AgriCenter Citrus Experiment Station in Port
Sulfur, LA, was seeded with colonies of C. formosanus in 2005 (6). At each C.
formosanus colony site, 2x4 pine dimension stock was placed in shallow
trenches that radiate in four quadrants from a central site where C. formosanus
was introduced. Five southern yellow pine (Pinus spp., SYP) sapwood stakes
(K1-K5) were placed along the south quadrant and five stakes (K6-K10) along
the west quadrant of colony 1-1 to determine the presence and activity of the
termites (Figure 12). The stakes were checked every 30-40 days, and termite
activity was recorded. After 60 days SYP stake number three was chosen at
random from the south quadrant and discarded. It was replaced with stake
number 34 (Figure 13) that was fitted with a small direct current (D/C) electric
motor to generate mechanical vibrations (Figure 14). The frequency of the
vibrations was measured in rotations per second that were produced by the
motor. The west quadrant served as a control.
Field tests at the Dorman Lake test site near Starkville, MS were placed in
a designated section where R. flavipes activity had been previously noted.
Sample stakes were placed equidistant in the area in a 40-foot line and were
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checked every 30-40 days (Figure 15). As in the Port Sulfur site, one stake was
chosen at random and replaced by one fitted with an electric motor to generate
vibrations.

Results
No results could be reported due to prolonged flooding with salt water due
to hurricane Ivan (Figure 16) in Port Sulfur, LA. Limited observations indicated
that C. formosanus activity was greater on the stake fitted with the electric motor
than on other stakes, but conclusive results were not obtained before the site
was flooded (Figure 17) (Table 1 & 2). However, numerous C. formosanus
soldiers were observed on the stake with the motor attached. The significance of
this observation is unknown. No activity was recorded at the Dorman lake site for
native termites as a direct result of water-saturated soil from excess rainfall.

Conclusion
Mechanical vibration did not deter foraging of C. formosanus. These
experiments were not repeated due to time constraints and subsequent focus on
electromagnetics, but it is recognized that additional studies on the effects of
mechanical vibrations on subterranean termite movements should be initiated.
Additional experiments with C. formosanus are documented in Chapter 7.
Electromagnetic experiments documented in subsequent chapters
observed the magnetic properties using similar frequencies compared to that of
the vibration in hopes of achieving directive movement.
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CHAPTER 7
DIRECTED MOVEMENT OF C. FORMOSANUS AT THE MCNEILL, MS
FORMOSAN TERMITE RESEARCH FACILITY

Introduction
Due to the possible long-term effects of salt water intrusion on the C.
formosanus colonies that were seeded at the LSU Citrus Station, subsequent
experiments with the effects of mechanical vibration on the movements of C.
formosanus were done in southwest Mississippi at the Mississippi State
University Formosan Termite Research Field Test Site (FTRF) in McNeill.

Hypothesis
This test was established to verify the previous test and test the
hypothesis that mechanical vibrations applied to wood at (3000 Hz) would cause
directional foraging in C. formosanus.
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Methods
An electric motor generating vibrations was installed inside a bait-crate of
aged southern yellow pine. These crates had been installed for four months at
McNeill near a living pine tree along Ben Gill Road that is infested with C.
formosanus. These crates had no indication that C. formosanus had foraged to
them before an inch and a half by inch by two foot stake fitted with a vibrating
electrical motor was introduced into one of the bait crates to determine its effect
on foraging behavior.
The motor attached to a stake in the test crate generated vibrations at
500-1000 Hz (Figure 18). A similar sized piece of wood was removed from the
bait crate and replaced with the stake fitted with the motor to create mechanical
vibrations (Figure 18). The motor functioned, with periodic inspections, for weeks
after installation. The power source was a DC marine battery.

Results
After four weeks, C. formosanus workers were noted in a southern yellow
pine stake next to the vibration stake. After six weeks, C. formosanus workers
had infested the crate with vibration added, and the crate and the termites were
harvested for use in other studies. These results verified those obtained in the
previous test (Chapter 6) and indicated that mechanical vibrations do influence
the foraging behavior of C. formosanus. Although small the D/C motor used for
mechanical vibration also creates small electromagnetic fields that are related to
the motor speeds. These mechanical vibrations can not be totally separated from
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electromagnetic fields and these fields are not as strong as the fields used in
other tests (Chapters 9, 10, 11).
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CHAPTER 8
DIRECTED MOVEMENT OF C. FORMOSANUS TO ELECTROMAGNETISM

Introduction
Electromagnetic frequencies could not be completely separated from the
electrical motor used in Chapters 6 and 7 to create mechanical vibrations. A
bench scale prototype was created that could produce specific electromagnetic
frequencies at specific intensities to determine if these frequencies could direct
C. formosanus movement at the MSU FTRF in McNeill.

Hypothesis
This study tested the hypothesis that the positive directed movement
(foraging) of C. formosanus is influenced by electromagnetic fields from radio
waves as stated in US Patent 6,837,001, more specifically a frequency above
3000 Hz and frequencies below

Methods
The tests described in Chapters 6 and 7 indicate that mechanical
vibrations associated with electromagnetic fields can influence the foraging
behavior of C. formosanus (FST). This test observed frequencies in ranges that
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are associated with radio frequencies that caused directed movement of FST at
the Lualualei Naval facility in Oahu, Hawaii (US Patent 6,837,001). Lower
frequencies were also observed to determine if greater movement can be
achieved. Dr. Pat Donohoe, professor of Electrical Engineering at Mississippi
State University, was consulted to help create the electromagnetic field
generation device and was consulted on varying frequencies with the same
device. Electromagnetic coils were built using a wooden core and were used to
determine if certain frequencies produced directed the movement of FST.
A ten gallon plastic container (38 L) was used as a central colony site
(CCS) for FST in the center of the design (Figure 19) and it was half-filled with
moist sand (20% moisture content). Four additional plastic containers were half
filled with moist sand and were connected to the CCS at quadrants with one-foot
(30.48 cm) sections of rubber (pool) hose (Figure 19 & 21). The inside diameter
of all pool hose sections measured one and one-half inches (3.81 cm) and were
half filled with moist sand to create a subterranean connection between the CCS
and the four satellite containers. Six southern yellow pine sapwood stakes 0.5 in.
x 0.5 in x 12 in (1.27cm x 1.27 cm x 30.48 cm) were bundled together with zip
ties to create four similar food sources (Figure 22). One of the four food sources
had the addition of 18-gauge wire wrapped 100 times and attached to a function
generator to produce the desired electromagnetic frequency and intensity inside
and around the food source. A diagram and picture can be found in Figures 20
and 23, respectively. The wooden bundles were almost completely buried in
individual containers (Figure 24). Wood infested with FST’s (an estimated 3
35

grams) was added to the CCS and were left to forage (the worker to soldier ratio
was 12 workers to 100 Workers) (Figure 25). The four connection points allowed
the central colony FST’s to have access to all four food sources. Different
proposed frequency applications for the device are listed in Table 3; all intensities
were set at 0.176 MA/A using AC current. These experiments were completed
with one frequency using 3 KHz at 0.176 MA/A using AC current and replicated 3
times.

Results
Two weeks after placing FST in the CCS, termites foraged to food sources
one foot away (Figure 26). Two control containers had some termite activity
(Figure 29) and one control container had no termite activity (Figure 30). The
container containing the wooden electromagnetic coil simulating radio
frequencies had shelter tubes that were thick and branching, indicating that FST
were exploring the food source with electromagnetic fields applied (Figure 27 &
28). Shelter tubes seemed to follow the wave patterns that would be associated
with electromagnetic emissions from the coil. Electrical emissions from the wire
were explored past the perimeter of the wood. Termites seemed to follow the
emissions. FST packed into the bundles with electrical emissions, with multiple
shelter tubes all along the wood and along the emissions of the electrical coil.
Replicate tests showed that termites foraged to the radio waves within 7-15 days,
and other food sources were discovered a few days later. Once the food sources
with electromagnetics were found, the termites did not forage from the food
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source. Further tests were conducted in a temperature controlled space to verify
the results presented above using an alternative test procedure and to determine
what specific frequencies direct C. formosanus foraging.
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CHAPTER 9
POSITIVE DIRECTED MOVEMENT OF C. FORMOSANUS

Introduction
Previous tests (Ch 8) indicated that the foraging behavior of C.
formosanus could be influenced by both mechanical vibrations and
electromagnetic fields at frequencies associated with naval communications. To
verify those results, an alternative testing procedure was designed to more
specifically determine frequencies and intensities were affecting C. formosanus
behavior.

Objectives
The objective of this test was to define exactly what frequencies directed
C. formosanus movement (foraging) noted in Chapters 5, 6, 7, and 8.

Methods
Approach: Additional tests were established to determine more specifically
which frequencies and intensities were affecting C. formosanus foraging
behavior. C. formosanus workers and soldiers were placed in controlled,
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replicated laboratory foraging chambers at the MSU Formosan Termite Field
Research Facility where termites were subjected to various low-level
frequencies at set intensities of electric energy to observe their behavior. Test
units were monitored via web cams and weekly on-site visits. Measurements
were taken by noting total termite numbers on the control and the experimental
units inside the foraging chambers. Multiple colonies of C. formosanus were used
in replicated experiments to determine the correct frequencies and intensities
responsible for directing the foraging behavior of C. formosanus.
Termite Collection: C. formosnaus were collected from and near the
Mississippi State University (MSU) Formosan Termite Research Facility, and the
Stennis Space Center in Southwest Mississippi using collection methods
describe by Tamashiro (88) and Kard (57). Termites were stored at the facility
using methods describe in the referenced articles. Termites from three separate
colonies, one per replicate for each of the frequencies tested (Table 5), were
used to determine possible differences between colonies with regard to the
influence of electromagnetic frequencies on C. formosanus foraging behavior.
Testing Structure: Test arenas consisted of two clear Plexiglas sheets
(105 cm x 105 cm) that sandwiched a sand media similar to that used by Su (86).
The Plexiglas sheets were separated by spacers (2.54 cm x 2.54 cm x 105 cm).
A control piece of southern yellow pine sapwood (1.27 cm x 1.27 cm x 20 cm)
was placed 30 cm from the termite release point at the center and an
experimental piece of SYP the same size 30 cm on the opposing side (Figure
31). The experimental SYP was wrapped with wire to which a specific
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electromagnetic frequency was applied at a given intensity. Both pieces of
wood were aged at the same time outside and dried before use. The Plexiglas
was filled with 2.1-2.4 kg of sterile sand that was moistened with 600 ml of deionized water; the temperature remained between 75-85oF (24-29oC).
Testing: One thousand (1,000) C. formosanus were used in ratios of
soldiers to workers similar to that found in nature and placed inside the
experimental chambers for testing. A 20 % soldier to worker ratio was targeted
for C. formosanus (Modified AWPA E1 Standard) (1). Termite tunneling was
documented via web cam and weekly visits during the fourteen day tests.
Termite numbers on both the control and the experimental SYP units were
counted at the end of fourteen days.
Frequencies: A function generator was attached to the coil to generate
electromagnetic fields at frequencies thought to be associated with radio waves
generated at the US Navy site in Hawaii where the initial observations for US
Patent 6,837,001 were made. A/C currents were passed through the coil to
generate the required fields. The units produced the desired frequencies around
the SYP insulating core. The wood core was exactly the same as the control
except for the wire wound around it. The desired electric intensity varied
depending on the particular design of the test. Four frequencies were tested at
one time, one in each of four separate test arenas. Each test was replicated
three times. Electrical set up and frequency computation assistance was
provided by Dr. Patrick Donohoe, Professor of Electrical Engineering, Mississippi
State University.
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Results
Recorded results from directing movement of C. formosanus to low
frequencies (500-4000 Hz) are shown in Tables 5, 6, 7 and Figure 74. Although
specific frequencies were tested, ranges rather than specific frequencies are
presented here in. This is done to satisfy US patent office requirements regarding
the public disclosure of patentable material while a patent application is in
process. However, the ranges presented give the reader an indication of the
relative frequencies used.

Results for frequencies within the range 500-4000 HZ
In the first replicate, since termites escaped before the 14-day tests were
complete, 7-day results were used. The second and third replicates were
successful after securing the test structure, and mortality averaged about 8.7%
during the tests. Recorded ratios (soldier: worker) are found in the results column
in Table 5.

Results for the frequency within the range 500-1000 Hz and intensity of
0.708 A
The majority of C. formosanus foraging was toward the frequency
generation site in replicated 14-day tests. An average of eighty nine percent
(89%) of the termites in the test chambers in the three replicates were directed to
the frequency generation source after the 14-day duration (Figure 35, 36). This
frequency range (500-1000 Hz) had the greatest effect of positively directing the
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movement of the Formosan termites to the frequency source of all frequencies
tested in this study.

Results for the frequency within the range 1001-2000 Hz and intensity of
0.708 A
The majority of C. formosnaus foraging was toward the frequency
generation site in replicated 14-day tests. An average of seventy eight percent
(78%) of the termites in the test chambers in the three replicates were directed to
the frequency generation site in the 14-day tests (Figure 42, 43, and 44). This
frequency ranked as the least effective of those tested in directing the C.
formosanus to the frequency source. Results for each test and their averages
are listed in Tables 5 & 6. These results led to further testing and information as
discussed in the remaining Chapters.

Results for the frequency within the range 2001-3000 Hz and intensity of
0.708 A
The majority of C. formosnaus foraging was toward the frequency
generation site in replicated 14-day tests. An average of eighty seven percent
(87%) of the termites in the test chambers in the three replicates were directed to
the frequency generation site in the 14-day replicated tests (Figure 37, 38, 39,
40, and 41). This frequency ranked as the second most effective for positive
directed movement (foraging) of C. formosnaus.
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Results for the frequency with the range 3001-4000 Hz and intensity of
0.708 A
C. formosanus foraging was directed away from the frequency generation
source to the control wood in replicated 14-day tests. One hundred percent
(100%) of the termites in the test chambers in the replicates colonized the control
and never foraged within one foot of the frequency generation site (Figure 32,
33). Termites are shown infesting the control (Figure 34). This was the only
frequency tested that exhibited a negative directive movement of FST.

Discussion of the results in tests using frequencies within the range 5004000 Hz
A ratio 20% soldiers to 80% workers was attempted in the replicates for C.
formosanus. Cold weather throughout the months of January and February
limited the available termites. In weather below 40o F (4 oC) sent C. formosanus
moved further into the ground, and at this temperature termites were occasional
found clumped together in the buried sections of fallen timber. On the mornings
of February 17, March 2, and March 16 temperatures at McNeill, MS were at or
below 40o F, making termites sparse. Termites found were counted, noted (Table
5) and used in tests. A minimum of 800 workers were constant in every
experiment regardless of how many soldiers were present.
Termites were placed in the chambers through the respiration vent after
the sand was moistened and top Plexiglas was sealed on the bottom frame
containing the sand and experimental wood. The room was kept at a constant
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temperature of 85 oF. Once termites were placed inside the containers and,
regardless of the frequency tested, they initially went in every direction (Figure
31). As time passed in the 3001-4000 Hz chambers termites moved in large
numbers to the control wood after the first day. Initially, 25% of the termites went
to the 3001-4000 Hz frequency source when introduced into the test chamber.
After a couple of hours, most of the termites left the frequency source, and after
one day no C. formosanus returned to the frequency source during the 14-day
test period (Figure 33). During one replicate test, termites built tunnels from the
control (tunneling did not occur in all tests) within 11.5 inches (29.21 cm) of the
frequency generation unit, but at the 14-day reading they did not occupy the
shelter tubes and it did not go any closer to the frequency source (Figure 33). In
three replicates, non-control wood containing the frequency generator 3001-4000
Hz was not colonized by termites (0% of FST were on the frequency source) and
the control was completely colonized in every replicate after the 14-day tests
(Figure 34).
When termites where introduced into the test chambers where the
frequency generation source was producing 500-1000 Hz, the reactions of C.
formosanus were very similar to all other test frequencies in that termites foraged
to both the control and frequency source, but initially more termites accumulated
on the frequency source than the control. At the end of the 14-day test period, an
average of 88% of the C. formosanus in the chamber were on, under or inside
the frequency source (Figure 35, 36). There was an average of 137 C.
formosanus on the control wood at the end of the 14-day elapsed test periods.
44

Termites introduced into the test chambers where the frequency
generation unit was producing 1001-2000 Hz reacted similarly to as termites
subjected to the 500-1000 Hz. Termites would find the control, start building
shelter tubes and then tunnel back to the middle of the chamber where they were
introduced and then continue to tunnel to the frequency generation site. At the
end of the 14-day test period, an average of 87% of the FST in the chamber were
on, under, or in the frequency source in replicated studies (Figures 37, 38, and
39).
The initial movements of termites introduced into the chambers where the
frequency was 2001-3000 Hz were not similar to those of termites any of the
other experiments. Once introduced, every FST foraged over to the control wood
and it was almost twenty-four hours before a majority of FST began to forage
from the control wood to the frequency source. At the end of the 14 day test
period an average of (89.6%) of FST in the three replicates were on the
frequency generation source (Figures 40, 41, 42, 43, and 44).
The frequency within the range 2001-3000Hz was the initial frequency for
formulating the hypothesis that specific frequencies direct the foraging
movements of C. formosanus. Once 2001-3000 Hz tests were replicated, a
Google search was performed trying to determine what household products
commonly produced these frequencies. The search indicated that, while
frequencies between 2001-3000 Hz are not emitted by household appliances,
these frequencies are commonly used in submarine communications and are
broadcast from the Nay Facility on Oahu, Hawaii where the initial field
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observations indicated that the foraging movements of C. formosanus are
influenced by electronic fields. One computer site indicated that Navy facility on
Oahu is one of two sites in the world that produce Very Low Frequencies (VLF)
and Low Frequencies (LF). This information led to the discovery of a submarine
communication spectrum, and numbers found in the spectrum were used in the
next series of tests. This search confirmed the intuition of Dr. Patrick Donohoe
that the frequencies provided by US Navy personnel were not consistent with
frequencies associated with submarine communication.

Conclusion
Specific frequencies within the range 500-4000 Hz either positively
directed the movements of C. formosanus or repelled C. formosanus. The
frequency tested that was in the range of 500-1000 Hz had the greatest effect of
positively directing the foraging movements of C. formosanus and the frequency
tested that was in the range 3001-4000 Hz was the only repellant frequency
found. The discovery of a submarine communication spectrum has introduced
new frequencies that may have an affect the foraging behavior of C. formosanus.
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CHAPTER 10
NAVAL COMMUNICATION FREQUENCY SPECTRUM TESTED

Introduction
The frequencies at which submarine communications operate were
discovered and used as a reference to select frequencies to determine if there
was an optimum frequency that directs the movement of C. formosanus.
Frequencies within the range 30 Hz – 30 K Hz were the targeted frequencies.
Specific frequencies within the ranges 30-299 Hz, 300-500 Hz, 3000-2001 Hz,
and 20-30 K Hz were chosen for use in additional tests.

Methods
The methods used for these test were the same as those used in the test
documented in CHAPTER 9. The frequencies that the termites were exposed to
were within the ranges 30-299 Hz, 300-500 Hz, 3000-2001 Hz, and 20-30 K Hz.
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Results

Frequency tested within the range (20-30) K Hz at 0.721 A
Less than fifty percent (50%) of 1,000 C. formosanus foraged to the
frequency generation source. This source had fewer termites than any of the
other tested frequencies for C. formosanus, so the test was not repeated.

Frequency tested within the range (2001-3000) Hz at 0.721 A
C. formosanus foraged toward the frequency source as in similar tests,
with the majority (80%) of the termites being on the wooden stake with the
frequency added (Table 7). The test chamber cracked and the termites died in
desiccant conditions. This test was not repeated.

Frequency tested within the range (300-500) Hz at 0.721 A
C. formosanus foraged to the wooden stake with the wire coil generating
the test frequency. One hundred percent (100%) of 1,000 termites were on the
test unit containing the frequency source at the end of the 14-day test (Table 7).
This occurred in all replicated tests. The termites did not forage away from the
source during the 14-day period.

Frequency tested within the range (30-299) Hz at 0.721 A
C. formosanus foraged to the wooden stake with the wire coil generating
the test frequency. One hundred percent (100%) of 1,000 termites were on the
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frequency source at the conclusion of the 14-day test (Table 7). This occurred in
all replicated tests. The termites did not forage away from the frequency once at
the source during the 14-day period.

Discussion of test results
Replicated tests with frequencies 500-300 Hz @ 0.712 A had 100% of
1,000 termites on the wooden test unit that had the electromagnetic frequency
source in all of the 14-day tests (Figure 52). Once termites were on the wooden
test unit that had the electromagnetic frequency they did not forage away from
the test unit. The frequency attracted the termites, and then the intensity is
thought to have caused an arrestant behavior. Figure 53 shows the top of the
frequency generation source (left) and the underside of the source (right) with
100% of the FST on the wooden test unit that had the electromagnetic frequency.
Figure 54 shows the top of the control wood (left) and the underside of the
control wood (right) with no termites present at the end of the 14-day tests.
Replicated tests with a test frequency within the range 30-299 Hz, @
0.712 A had 100% of 1,000 termites on the frequency source in all three of the
14-day replicates (Figure 55) (Table 7) as with the frequency tested within the
300-500 Hz range. This frequency attracted the termites, and the intensity is
thought to have caused an arrestant behavior around the frequency source.
Figure 56 shows the right side of the wooden test unit that had the
electromagnetic frequency with termite tubing (left) and the left side of the
frequency source with termite tubing (right). This was the only frequency tested
49

where excessive plastic chewing (wire coating) was noted. Termites used
chewed red plastic pieces off of the wire and placed them in the shelter tube
construction (Figure 56). Figure 57 shows the underside of the control wood (left)
and the top side of the control wood (right) with no termites present at the
conclusion of the 14-day tests.

Conclusions
Tested frequencies outside the range of 30-4000 Hz did not affect foraging
movements of C. formosanus. Tested frequencies within the ranges 30 to 500 Hz
affected termite foraging, directing 100% of the termites to the frequency
generation source, and with the tested frequency within the range 30-299 Hz
causing the termites to chew the plastic coating of the wire. C. formosanus
attraction to these frequencies would support observations in US Patent
6,837,001 that C. formosanus was directed to wooden utility poles supporting
antennas at Lualualei, Hawaii. Frequencies that directed termite movement are
used to communicate with tactical submarines and are produced in Lualualei, HI
according to the Federation of American Scientists (26). It is important to note
there are no known human health concerns or ecological problems associated
with the naval communication frequencies. The US Navy had documented an
extensive multi-year environmental assessment using multiple fractions of the
ecosystems that surrounded antenna arrays producing communication
frequencies (52, 66). Multiple University professionals were used in these
studies, and embedded in the reports were the frequency ranges used by the
50

Navy that matched the frequency ranges that attracted termites in this research.
The Navy’s conclusions in the environmental assessments documented no
adverse affects near the sites (52, 66). This research is the first know to show
that electromagnetic frequencies in the ranges used at Lualualei cause a change
in the natural foraging behavior of subterranean termites.
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CHAPTER 11
EFFECT OF INTENSITY OF ELECTRONIC FIELDS ON C. FORMOSANUS
FORAGING BEHAVIOR

Introduction
An arrestant behavior was noted in the replicate testing of frequencies
within the ranges 300-500 Hz and 30-299 Hz using 1 K ohm (0.712 A)
resistance. No significant tunneling toward or away from the electromagnetic
frequency source was noted, and this behavior was not similar to other tests
using the same intensity with different frequencies. Therefore, the tests
documented in this chapter were designed to observe effects of varying voltage
intensity on foraging behavior of C. formosanus at the electromagnetic
frequencies tested where 100% of the termites were attracted to, and stayed
near, the wooden test units with electromagnetic frequencies applied.

Objective
This test was conducted to test the hypothesis that the intensity of
electronic fields affects the movements of C. formosanus at given frequencies.
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Method
The test methods were the same as in CHAPTER 9. The test frequency
within the range 30-299 Hz was used with varying intensities (1 K ohm, 5.6 K
ohm and 10 K ohm resistance). Termites were released the same as previous
tests and the test were 14-days in duration. Results are listed in Table 10 and
discussed below. The third replicate was disrupted due to loss of electronic
power caused by Hurricane Katrina.

Results
One hundred percent (100%) of the FST were attracted to the test
frequency within the range of 30-299 Hz regardless of the intensity in the two
replicates. However, the termites did forage away from the coil after colonization
for a greater distance under lower intensity (Table 10). The third replicate could
not be completed because Hurricane Katrina destroyed the power grid causing
consistent power outages for days at a time, not permitting completion of the
third replicate.
Tests where the frequency within the range 30-299 Hz and intensity
created using maximum output (20 Volts peak to peak) at 1 K ohm resistance
resulted in 100% of the termites on the wood with the electromagnetic frequency
applied with little movement away from the electromagnetic frequency source. In
the first replicate, the FST tunneled 6 inches (15.2 cm) to the left of the source
(Figure 71) (Table 10), and in the second replicate FST only tunneled 3 inches
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(7.6 cm) away from the source. The two replicates were consistent with the
results from previous tests with the frequency within the range 30-299 Hz.
Tests where the frequency within the range 30-299 Hz and intensity
created using maximum output (20 Volts peak to peak) at 5.6 K ohm resistance
resulted in 100% of the FST on the wood with the electromagnetic frequency
applied but the FST foraged further away from the coil than in tests with an
intensity of 1 K ohms (Figure 72) (Table 10). In the first replicate, the termites
tubed away from the frequency source on both sides, with the longest tunnel
being 15 inches (38.1 cm). There was multiple tunnel branching which was not
observed in the 1 K ohm test. In the second replicate, tubing was similar but the
tubing only extended 11 inches (27.9 cm) away from the frequency source.
Tests where the frequency within the range 30-299 Hz and intensity
created using 120 maximum output (20 Volts peak to peak) at 10 K ohm
resistance resulted in 100% of the FST on the wood with the electromagnetic
frequency applied but the termites tubed away from the source on both sides.
The tunnels did not branch; the tube on the right was 9 inches (22.8 cm) long and
the left tube was 10 inches (25.4 cm) (Figure 73) (Table 10). In the second
replicate, the termites tunneled similarly but the tube went 15 inches (38.1 cm)
away and branched.

Discussion
One hundred percent (100 %) of the FST were attracted by the test
frequency within the range 30-299 Hz at all the intensities used. At the higher
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intensity the termites did not forage away from the source, limiting foraging to no
more than 6 inches (15.2 cm) away from the source. When the intensity was
reduced, the termites foraged further away from the frequency source. A low
intensity where termites were not attracted to the wood with electromagnetic
frequencies applied was not found; intensities using 5.6 K ohm and 10 K ohm
resistance had similar measurements in the two replicates, and termites tunneled
10-15 inches (25.4-38.1 cm) away form the source using both intensities. The
termites did not initially forage to the control in the two replicates with the lower
intensities. The highest intensity that will influence the foraging movement of C.
formosanus away from the wood with electromagnetic frequency applied when
the frequency source is within the range 30-299 Hz was not defined because
special equipment was needed that was not readably available. Future testing
will define these limits by adding varying intensities to resolve these unknowns.

Conclusions
C. formosanus directed movement towards a frequency within the range
30-299 Hz was not affected by intensities that were between 1-10 K ohm using
20V peak to peak maximum output. However, C. formosanus did forage away
from the frequency generation source 10-15 inches (25.4-38.1 cm) when
exposed to a lower intensity (5.6-10 K ohms) compared to the original intensity of
(1 K ohms), but 100% of the termites remained on or near the test frequency
after 14-days. This indicates that the “arrestant” behavior noted with the test
frequency in earlier tests may be modified as the intensity is to be used to attract
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termites to bait stations, a frequency/intensity combination must be used that has
a low arrestant effect so the termites will return to their nest site.
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CHAPTER 12
EFFECT OF ELECTROMAGNETIC FIELDS ON THE FORAGING BEHAVIOR
OF RETICULITERMES FLAVIPES

Introduction
The results of tests discussed in Chapter 11 indicated that the foraging
behavior of C. formosanus is influenced by specific electromagnetic frequencies.
Such results prompt one to ask whether similar foraging behavior modifications in
Reticulitermes flavipes, U.S. native termites, would be elicited by the same or
different electromagnetic frequencies. As with the tests with C. formosanus,
specific frequencies were used in all tests with R. flavipes. However, ranges
within which the frequencies were located are given in the following text to avoid
public disclosure prior to issue of a patent

Objective
This test was conducted to test the hypothesis that the foraging behavior
of R. flavipes is affected by electromagnetic fields.
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Method
The test method was the same as in CHAPTER 9 except native U.S.
termites (R. flavipes) used in the tests collected from Dorman Lake test site
located about 10 miles south of Starkville, MS.

Results
Results for R. flavipes exposed to specific frequencies within the range
300-4000 Hz) at an intensity of 0.712 A are reported in Tables 8&9.

Frequency within the range (3001-4000) Hz at 0.712 A
The test frequency within the range 3001-4000 Hz, @ 0.712 A repelled C.
formosanus, but 250 R. flavipes (21%) of 1,200 were on the wood with
electromagnetic frequency applied after the 14-day test. Native termites built a
shelter tube connecting the wood control with the wood to which the
electromagnetic frequency was applied, but more termites were on the control
than the frequency source at the conclusion of the 14-day test (Figure 58). This
test frequency was not replicated in hopes of finding frequencies that had a
greater effect on the foraging movement of R. flavipes.
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Frequency within the range (2001-3000) Hz at 0.712 A
The test frequency within the range 2001-3000 Hz, had 50 R. flavipes
(4.2%) of 1200 were on the wood with the electromagnetic frequency applied
after the conclusion of the 14-day test (Figure 59, 60). This test frequency was
not replicated for the same reason given above.

Frequency within the range (1001-2000) Hz at 0.712 A
The test frequency within the range 1001-2000 Hz had 30 R. flavipes
(2.5%) of 1,200 on the wood with the electromagnetic frequency applied after the
conclusion of the 14-day test (Figure 61). This test frequency was not replicated
for the same reason given above.

Frequency within the range (300-1000) Hz at 0.712 A
The test frequency within the range 300-1000 Hz had 20 R. flavipes
(1.6%) of 1,200 on the wood with the electromagnetic frequency applied after the
conclusion of the 14-day test (Figure 62, 63). This test frequency was not
replicated for the same reason given above.

Multiple frequencies
Multiple frequencies were tested at an intensity of 0.712 A to determine
the frequencies that elicit a directed foraging response in native termites above
fifty percent: test frequencies were in the ranges (5001-6000 Hz), (6001-7000
Hz), (7001-8000 Hz), and (70-80 K Hz). The test frequency within the range
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(5001-6000 Hz) had 40 R. flavipes (3.33 %) of 1,200 on the wood with the
electromagnetic frequency applied at the conclusion of the 14-day test, and no
termites were on the tested frequency sources within the other stated ranges.
However, termites had tunneled to all of the wood with electromagnetic
frequency applied, and were in the tubes near the wood with electromagnetic
frequency applied, so these frequencies were not replicated for the same reason
given above.

Higher frequencies
Higher frequencies were tested at an intensity of 0.712 A within the ranges
10-11 K Hz and 68-69 K Hz. Arenas with a test frequency within the range 10-11
K Hz yielded 40 R. flavipes of 1,200 on the wood with the electromagnetic
frequency applied at the conclusion of the 14-day test, and that within the range
68-69 K Hz had no termites on the source at the conclusion of the 14-day test.
However, R. flavipes did tunnel to the source wood with electromagnetic
frequency applied within the range 68-69 K Hz, foraged on the wood but did not
colonize it, and were in the tubes near the electromagnetic frequency source.
These frequencies were not replicated
Frequencies were lowered and separated into ranges that entered into the
tactical submarine communication spectrum. When using these frequencies,
intensities were lowered to insure that power level was not affecting the native
termites. The intensity was reduced by changing the 1 K ohm resistor to 10 K
ohms using a maximum output (20V peak to peak). Frequencies tested were
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within the ranges 10-30 Hz, 40-60 Hz, 70-121 Hz, and 150-261 Hz. These results
for native termites are reported in Table 9.

Test frequencies within the range (150-261) Hz at 10 K ohms resistance
using a maximum output 20 V peak to peak

Test frequencies within the range 150-261 Hz had an average of 50% of
1200 termites on the frequency source at the end of 14-day replicated tests. One
colony of termites responded with 100% of the termites on the wood with the
electromagnetic frequency applied (Figure 65), one colony had 50% (Figure 64)
and the last colony died prior to the conclusion of the 14-day test.

Test frequencies within the range (70-121) Hz at 10 K ohms resistance
using a maximum output 20 V peak to peak
Test frequencies within the range 70-121 Hz had an unexpected average
of 100% of 1200 termites on the frequency source at the end of 14-day replicated
tests (Figure 66, 68) (Table 9). During the first 2 days, 50-70% of the termites
began to colonize the control wood but by day 8, (80%) of the termites had left
the control for the wood with the electromagnetic frequency applied. At the end of
the 14-day tests, 100% of the R. flavipes were on the frequency source in
replicated tests (Figure 67, 76, 77, and 78 ) (Table 9).
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Test frequencies within the range (40-60) Hz at 10 K ohms resistance using
a maximum output 20 V peak to peak
Test frequencies within the range 40-60 Hz averaged 8% of 1200 termites
on the wood with the electromagnetic frequency applied at the end of 14-day
replicated tests. All (100%) of the R. flavipes died in two of the experiments prior
to the end of 14-day tests (Figure 69). In one test, 100% of the termites were on
the frequency source early in the test, but 50% of the termites later died and the
living termites moved to the control. At the conclusion of the 14-day test, 25% of
the living termites returned to the frequency source where the decaying termites
were present.

Test frequencies within the range (10-30) Hz at 10 K ohms resistance using
a maximum output 20 V peak to peak
Test frequencies within the range 10-30 Hz averaged of 33% of 1200
termites on the wood with the electromagnetic frequency applied at the
conclusion of the 14-day replicated tests. All (100%) of the termites died in two of
the tests, and one test had 100% of the termites on the frequency source (Figure
70).

Discussion
Test frequencies within the range 70-121 Hz had 100% attraction of the
native termites to the frequency source in all three replicated tests. Termites
were attracted to the wood with the electromagnetic frequency applied in 6-10
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days. The termites would first colonize the control and, as each day ended,
termites left the control for the frequency source. On day 6-7, 80% or more of the
termites were on, under or inside the wood with the electromagnetic frequency
applied (Graph 3, 4 and 5).
Test frequencies within the range 40-60, and 10-30 Hz, were affected by
termite mortality in at least on replicate. The frequencies tested within the range
40-60 and 10-30 need additional testing to determine if certain frequencies are
creating an immobility causing mortality. R. flavipes seems to have a tight
frequency range that affects foraging movement to the wood with the
electromagnetic frequency applied. The frequency that repelled FST did not repel
native termites (Table 5, 6, & 8).

Conclusions
R. flavipes responded to a narrow frequency range at a lower intensity
compared to the ranges and of intensities that attracted C. formosanus (Tables 8,
9, 10, and Figure 75). R. flavipes attractant frequency falls within the range 70121 Hz that also attracts C. formosanus. C. formosanus had directional behavior
to intensities that attract R. flavipes but the opposite is not true. C. formosanus is
thought to belong to a more primitive group of termites than Reticulitermes spp.
Therefore, Reticulitermes spp. may have a more developed central nervous
system or sensory organs designed for sensitive communication ability. The
intensity range at the various ranges of frequencies that attracted C. formosanus
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did not repel R. flavipes but it also did not attract them to the wood with the
electromagnetic frequency applied.

Overall Conclusions
The tested frequencies that elicited the greatest influence on directing the
foraging of C. formosanus were within those broadcast at the Lualualei Naval
submarine communications facility on Oahu, Hawaii, where field observations
indicated that electronic frequencies were influencing the movements of C.
formosanus (26). Environmental impact studies compiled by the US Navy
document that the frequencies produced by antenna arrays that communicate
with submarines do not have any adverse effect on the surrounding ecosystem
(46). The response C. formosanus and R. flavipes to specific electromagnetic
frequencies (attractant or repellant effects) are the first documented effects from
the usage of Naval communication frequencies on the behavior of an organism.
Directed movement was expected, but 100% control over termite foraging
behavior through attraction or repellency was unexpected. Results likely explain
why documented problems have occurred where C. formosanus have caused
interruptions to underground communication lines, underground utility cables,
and utility poles in the southeastern US, New Orleans, and China (32, 42). In
2005 (25) one group of scientists used recorded sound produced by
Cryptotermes domesticus (drywood termites) feeding on a wood block and in an
experiment that showed that by playing the sound back on the wooden block the
termites would choose the block with the sound rather than a control block,
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indicating that they use the vibrational signals in their communication to choose
food sources (25). The study also stated that the sound from head banging in C.
domesticus may influence reproduction. These studies support our claims that,
with the correct electromagnetic frequency (sound, vibrations, and/or
electromagnetic energy), a habitable environment can be created to
attract termites, or an environment can be created to repel termites, using
specific low electromagnetic frequencies at specific intensities (25). Another
study observed head banging of both R. flavipes and C. formosanus using a
recorder, and the frequency of head banging was reported by researchers (27).
Converting the frequency of head banging in this study to cycles per second (Hz)
for both species (C. formosanus and R. flavipes), with C. formosanus the head
banging is very similar in Hz to the ranges of electromagnetic frequencies that
cause attraction, the same is true for Reticulitermes spp. (27). Frequencies that
have been shown to attract C. formosanus and R. flavipes in the present test are
within similar ranges to those studies that are exploring how termites access food
sources and react to stress (25).
Using results from experimentation, manipulation of termite foraging
behavior is possible using specific electromagnetic frequencies at specific
intensities, and it is our thesis that these frequencies can be used to eliminate
relying on the random foraging of termites to find control technologies such as
bait stations. Future research will push the fringe of the technology for control of
subterranean termites by exploring the fractions of electromagnetism: 1) sound,
2) vibration and 3) electromagnetic energy. We also believe termites are not the
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only species that can be manipulated by these frequencies. Exploration of the
behavior of other social pests such as ants will begin in 2008, even though some
research claims that ants are not attracted to electromagnetic fields (31). Projects
have been initiated at the Mississippi State University (MSU) Formosan Termite
Field Research Facility that will place electronic-field-generating prototypes in
field conditions. Future laboratory research will replicate frequencies for native
termites at various intensities using specialized equipment. Research will
continue with field prototypes that will produce specific electromagnetic
frequencies using specific intensities to direct subterranean termites to the site
where the prototypes are installed.
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Table 1. The effect of mechanical vibration on the foraging behavior of C.
formosanus at the LSU Citrus Station (Chapter 6).
Stake Number
South Axis of 1-1
K-1
K-2
K-34
K-4
K-5
West Axis of 1-1
K-6
K-7
K-8
K-9
K-10

Termite Rating (a)
9
9
8
10
10
9
10
10
10
10

* Mechanical Vibration added
(a) Ratings are those presented in American Wood Preservers’
Association Standard E1. A rating of 10 = no termite damage, 0 =
failure.

67

*

Table 2. The effect of mechanical vibration on the foraging behavior of C.
formosanus at the LSU Citrus Station (2nd reading) (Chapter 6).
Stake Number
South Axis of 1-1
K-1
K-2
K-34
K-4
K-5
West Axis of 1-1
K-6
K-7
K-8
K-9
K-10

Termite Rating (a)
8
9
6
10
8

visual worker termites
old damage (od)
multiple Soldiers
*
od

9 od
10
10
10
10

* Mechanical Vibration added
Ratings are those presented in American Wood Preservers’
Association Standard E1. A rating of 10 = no termite damage, 0 =
failure.
(a)
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Table 3. Frequency ranges for observing the foraging of C. formosanus;
the frequency within the range (2001-3000) Hz was the only
frequency replicated in Chapter 7; the remaining frequencies were
used for tests in Chapters 8 & 9.
Core
Number of
Frequency (c)
Coil (b)
Material (a)
SYP
100
3001-4000
SYP
100
2001-3000
SYP
100
1001-2000
SYP
100
500-1000
SYP
=
Southern
yellow
pine
sapwood
(a)

Resistor
1 K Ohm
1 K Ohm
1 K Ohm
1 K Ohm

Intensity
0.176 M/MA
0.176 M/MA
0.176 M/MA
0.176 M/MA

Frequency = electromagnetic frequencies applied to wood test units
wrapped 100 times with 18 gauge wire.

(b)

(c)

Ranges within which the test frequencies were located.
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Table 4. The effects of electromagnetic frequency within the range (2001-3000)
Hz on the foraging behavior of C. formosanus (Chapter 8).
Dates
05-10-04
2-3 KHz
0.713 MA/A
McNeill Colony
Dead Tree
05-18-04
2-3 KHz
0.713 MA/A

CCS
FST have not
moved.
Moisture
good.

MAT
Moisture
Good

MAR
Moisture
Good

FST have
foraged into
three nests.

One foraging
tunnel.

One foraging
tunnel.

05-25-04
2-3 KHz
0.713 MA/A

Added 90 ml
of di water
(No Change)

06-09-04
2-3 KHz
0.711 mA/A

Added 90 ml
Tunneling to
mag side was
more
apparent.
New sand
and termites.

Added 30 ml
of di water
behind the
wood
Added 30
Shelter tube
foraging up the
container mag
side.
266g Wood
North

Added 30 ml
of di water
behind the
wood
Added 30
No change.

30 ml add
FST to wood.

30 ml add
FST to wood.

06-16-04
2-3 KHz
0.709 mA/A
Derby Colony
06-31-04
2-3 KHz
0.710 mA/A
07-15-04
2-3 KHz
0.710 mA/A
07-29-04
2-3 KHz
0.710 mA/A

Colony had
begun to
forage.
Watered and
added fan.

07-29-04
2-3 kHz
0.710 mA/A
McNeill Tree ARS
08-02-04
2-3 kHz
0.710 mA/A

New Test

Looked at
termites.

30 ml add
Started foraging
from wood
No FST
present in
wood. Small
damage.

Observation

313.5 g
Wood West

30 ml add
Same.
No FST
present in
wood.

LUK
Moisture
Good. Strong
Smell

Three
foraging
tunnels.
Significantly
larger than
others.
Added 30 ml
of di water
behind the
wood
Added 30
Additional shelter
tubes on mag.

JOH
Moisture
Good

No tunnels
present.

Added 30 ml
of di water
behind the
wood
Added 30
No change.

408.0 g
Wood+Wire
South

291.5 g
Wood East

30 ml add
FST in test
around ends.
30 ml add
Sealed wood
with sand
No FST
present in
wood. Some
damage.

30 ml add No
FST Present.
30 ml add
FST Same
No FST
present in
wood.

Magnet had
been attacked
and wood
cemented
together.
08-11-04
Watered
FST to wood.
FST to wood.
FST to wood.
FST to wood.
center bucket
Thicker
2-3 kHz
with 30 ml
tunnel than
0.710 mA/A
di. Water.
rest will
measure next
time.
* CCS = Central Colony Site, MAT = West Food Choice 128 grams of SYP, MAR= North Food Choice 129.5 grams of
SYP, LUK = South Magnet Food Choice 223.5 grams of SYP and Wire, JOH = East Food Choice 131 grams of SYP.
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Table 4. The effects of electromagnetic frequency within the range (20013000) Hz on the foraging behavior of C. formosanus (Chapter 8)
Continued.
Comments:
Notes:
5-18-04
5-25-04

6-09-04

6-16-04

6-31-04

7-15-04
7-28-04
7-28-04
8-02-04
8-11-04

9-08-04

Foraging went in all directions. More termites were on the electronic structure. It
was left running to observe consumption rates of the three pieces of SYP. It
seems to take new FST about two weeks to start foraging.
No change in the outward appearance of the shelter tubes created previously.
D.I. water was added to all test compartments the same except for the CNS, 90
ml were added to the wood and sand in the center of the container. The sand
had become a little dry.
More shelter tubes were built on top of the magnet, coming out of the tubing,
coming in the tubing from the CNS. Mat had shelter tube coming from the wood
out of the box. Mat had visible termites foraging from the wood. No other new
activity was found. Power was lost during two weeks and restored Monday the
7 th. All other experiments were disconnected from the experiment.
Test were shut down and replicated. Power had been restored for 9 days and
the experiment was pulled. More termites were in one control than any other.
This control wood had shelter tubes leaving the wood going out of the
containers to the test container. Higher ratios of soldiers to workers were found
inside the electrical side of the container. A 50% soldier to worker ratio was
found. This higher ratio is said to be signs of aggressive foraging by Cornelius.
New shelter tubes were built on top of the old shelter tubes to the electrical side
and termites were re-infesting the wood. The coil box had been disturbed by
someone disturbing the shelter tubes and unplugging the wires from the
electrical test unit.
FST had tunneled into the electrical side and had gone into the wood at the
edges of the wood instead of a strait inline as observed in the control wood.
Watered all food sources with 30 ml.
FST were watered using distilled water and added a fan to run during the day.
FST had congregated in the central nest container. Hot weather caused the
termites from the other choice container to be in the center chamber.
Placed new sand in buckets and restarted test. FST were placed in central nest
bucket.
FST tubed in between the wood of the electric unit and it was the first choice of
the test.
FST had found all four wood pieces for the first time. I moved the boxes away
from concrete. Heat was radiating from wall keeping the termites from foraging
into the box close to the wall. Tunnel to magnet was thicker to electrical side
than any of the other tunnels to wood. Tunnels will be measured next time.
Termites went to the electrical side first and have not foraged away from wood.
Other food sources once found had been explored and moved away from.
Foraging in each box without an electrical source went to the wood in some
fashion. Once at the food site they foraged in every direction away from the
food. This concludes preliminary studies with out knowing the exact number of
termites, velocity to target, and statistical significance of foraging of termites to
the electric site vs. regular wood. Next tests will have controlled conditions and
termite numbers recorded on hourly time scheduled and analyzed by
photograph.
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Table 5. C. formosanus results for directed movement subjecting termites to
specific frequencies within the range (500-4000) Hz in 14-day replicated
tests (Chapter 9)
Frequencies (a)

Termites/Comments
Colony in McNeill Down Log
800 Workers = 3.31 g
181 Soldiers = 0.66 g
(18.4 % out of 981)
800 Workers = 2.95 g
200 Soldiers = 1.01 g
(20 % out of 1,000)
800 Workers = 3.18 g
200 Soldiers = 0.57 g
(20% out of 1,000)
800 Workers = 3.12 g
200 Soldiers = 0.92 g
(20% out of 1,000)
Colony McNeill Live Tree
800 Workers
075 Soldiers
(8.6% out of 875)
800 Workers = 2.95 g
170 Soldiers = 1.01 g
(17.5 % out of 970)
800 Workers = 3.18 g
110 Soldiers = 0.57 g
(11.3 % out of 910)
800 Workers = 3.12 g
082 Soldiers = 0.92 g
(9.3 % out of 882)
Colony Derby Train Depot
800 Workers = 3.31 g
100 Soldiers = 0.66 g
(11.1 % out of 900)
800 Workers = 2.95 g
100 Soldiers = 1.01 g
(11.1 % out of 900)

Date
(2-2-05) – (2-15-05)
3001-4000 Hz
Termites escaped but escaped
away from the test coil. 100%
Mortality.
2001-3000 Hz
Termites escaped but about (850 7days) 600 @ 14 days termites were
on coil. 30% Mortality.
1001-2000 Hz
Termites grazed on coil (700-7
days) but left after 14 days escaped
on the coil side. 100% Mortality.
500-1000 Hz
Termites grazed on coil (750-7
days) but left after 14 days escaped
on coil side. 100% Mortality
(3-3-05) – (3-15-05)
3001-4000 Hz
Termites (787) were all on the
control wood away from the coil.
Mortality was 10%
2001-3000 Hz
Termites (742) were on the coil,
Mortality was 10%.
Control = 131
1001-2000 Hz
Termites (541) were on the coil,
Mortality was 15%.
Control = 107
500-1000 Hz
Termites (754) were on the coil,
Mortality was 10%.
Control = 128
(3-16-05) – (3-30-05)
3001-4000 Hz
No termites were on the coil and all
were on the control (855), about
5% mortality.
2001-3000 Hz
Termites on coil (753) with the rest
back and forth between middle and
control, Mortality 7%.
Control = 84
1001-2000 Hz
800 Workers = 3.18 g
Termites on coil (726), Mortality
100 Soldiers = 0.57 g
5%.
(11.1 % out of 900)
Control = 129
500-1000 Hz
800 Workers = 3.12 g
Termites almost all on coil (787),
100 Soldiers = 0.92 g
Mortality 8%.
(11.1 % out of 900)
Control = 41
Ranges
within
which
the
test
frequencies
were
located.
(a)
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Table 6. Percentage and mean results of C. formosanus attracted or repelled by
specific frequencies within the range (500-4000) Hz in 14-day replicated
tests (Chapter 9)
Frequencies (a)
3001-4000 Hz
2001-3000 Hz
1001-2000 Hz
500-1000 Hz

Results FST attracted or
repelled by the frequency
source(b)
0
85%
70%
75%

Date

(2-2-05) – (2-15-05)

(3-3-05) – (3-15-05)
3001-4000 Hz
2001-3000 Hz
1001-2000 Hz
500-1000 Hz

0
85%
70%
95%

3001-4000 Hz
2001-3000 Hz
1001-2000 Hz
500-1000 Hz

0
90%
85%
95%

(3-16-05) – (3-30-05)

Mean Results

February-March

3001-4000 Hz
2001-3000 Hz
1001-2000 Hz
500-1000 Hz

0
86.6%
78.3%
88.8%
Ranges
within
which
the
test
frequencies were located.
(a)
(b) FST = C. formosanus
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Table 7. Percentage of C. formosanus on the wood with electromagnetic
frequency applied using the US Naval workers communication spectrum
(Chapter 10)
Frequency (Hz) (a)

Termites/Comments (b)

(04-15-05)-(05-05-05)
20-30 K Hz

Stennis
3 grams

% of FST on the
Frequency Source (c)
50%

Canceled replicate

2,001-3,000 Hz

3 grams

80%

Mortality 100%, Desiccant in
chamber because of a crack.

300-500 Hz

3 grams

100%

Estimated Mortality 6%

30- 299 Hz

3 grams

100%

Estimated Mortality 8%

(06-02-05)-(06-16-05)
300- 500 Hz

McNeill Pine
3 grams

100%

Estimated Mortality 3%

30-299 Hz

3 grams

100%

Estimated Mortality 7%

(06-29-05)-(07-12-05)
300-500 Hz

McNeill Dead Snag
3 grams

100%

Estimated Mortality 2%l

30-299 Hz

3 grams
Estimated Mortality 4%

(a) Ranges

(b)

within which the test frequencies were located

C. formosanus colonies

(c) FST

= C. formosanus
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100%

Table 8. Percent of R. flavipes found on the frequency source after the 14-day
test period using 1 K ohm resistance (Chapter 12)
Frequency (Hz) (a)

Termites/Comments

07/22/05
300-1000 Hz
1001-2000 Hz
2001-3000 Hz
3001-4000 Hz
08/09/05
5000-6000
6001-7000
7001-8000
7.3 KHz-8 KHz
08/16/05
1 KHz-2KHz
68 KHz-69 KHz

Number of Termites on
the Frequency Generator

Stennis
3 grams
3 grams
3 grams
3 grams
Dorman
3 grams
3 grams
3 grams
3 grams
Starr
3 grams
3 grams
1g=400 Termites
(a) Ranges within which the test frequencies were located.
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20
30
50
500
40
0
0
0
40
0

Table 9. Percent of R. flavipes found on the frequency source after the 14-day
tests period using 10 K ohm resistance (Chapter 12)
Frequency (a)

Termites/Comments (b)

08/26/05
10-30 Hz*

Stennis
3 grams = 1,200 termites
Mortality 100%
3 grams
Mortality 100%
3 grams

40-60 Hz*
70-121 Hz
150-261 Hz
09/20/05
10-30 Hz*
40-60 Hz*
70-121 Hz
150-261 Hz

11/02/05
10-30 Hz*
40-60 Hz*

70-121 Hz

3 grams
Mortality 9% (108 termites)
Dorman
3 grams
3 grams
Mortality 100%
3 grams
3 grams
Mortality (100%) 50% started on
coil then termites died and
eventually all died in chamber.
Starr
3 grams
Mortality 100%
3 grams
Mortality: 90% of the termites
initially came to the frequency. All
but 300termites died, they
colonized the control. After a few
days 25% (75) of those termites
came back to the coil with the
dead termites.
3 grams

150-261 Hz

3 grams
c
(a) Ranges within which the test frequencies were located.
(b) R.

Percentage of the Termites on
the Frequency Generator
Dead
Dead
100%
50%

100%
Dead
100%
Dead

Dead
25%

100%
100%

flavipes colonies

* Mortality occurred in these tests and frequencies are similar to those that direct FST.
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Table 10. Results observing C. formosanus tubing away from the frequency
source when using various intensities (1 K ohm, 5.6 K ohm, and 10 K
ohm resistance) and a frequency within the range (299-30) Hz
(Chapter 11)
Intensity @ 299-30 Hz (a)
1 K ohm @ 120V AC

5.6 K ohm @ 120V AC

10 K ohm @ 120V AC

1 K ohm @ 120V AC

5.6 K ohm @ 120V AC

10 K ohm @ 120V AC

Description
(3 g FST) 100% of the FST were
on the frequency source. The
tubing away from the frequency
branched and went about 15.2
cm to the left side only.
100% of the FST were on the
frequency source. The tubing
away from the frequency
branched and went off of both
sides about 38.1 but did not fan
to the control.
100% of the FST were on the
frequency source and the
termites foraged away from the
frequency on both sides (Right
22.8 cm; Left 25.4 cm).

Date
(07-28-05)-(08-11-05)

100% of the FST were on the
frequency source and termites
were three inches away from the
frequency source on the left.
Katrina arrived and knocked the
ceiling out and cut power. The
termites died within days
because it was over 98 degrees
inside the lab and the chambers
were cracked and became arid.
100% of the FST termites were
on the frequency source and
termites branched off of both
sides the longest was 27.9 from
the frequency source.
100% of the FST termites were
on the frequency source and
termites branched on both sides
of the source and the longest
was 38.1 cm away from the
source.

(08-12-05)-(09-05-05)

1 K ohm @ 120V AC

No electricity, No environmental
control.
5.6 K ohm @ 120V AC
Dead termites
10 K ohm @ 120V AC
In all containers
(a) Ranges within which the test frequencies were located.
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(07-28-05)-(08-11-05)

(07-28-05)-(08-11-05)

(08-12-05)-(09-05-05)

(08-12-05)-(09-05-05)

(10-06-05)
(10-06-05)
(10-06-05)

Figure 1. Mississippi Map showing counties in MS infested with C. formosanus as
of the spring of 2006; this map is from Mississippi State Coastal
Research and Extension Center
http://www.msstate.edu/dept/crec/terminfest.html .

78

Figure 2. United States map showing C. formosanus distribution in 2002. The map
was created by the US Agriculture Research Service (ARS)
(http://www.ars.usda.gov).
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Figure 3. Southern yellow pine sapwood (Pinus spp.) exposed to 1 gram of C.
formosanus for 28 days. The termites concentrate their feeding on the
springwood of successive annual rings (Photo by Brian Lindsey).
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Figure 4. Native termite R. flavipes shelter tube on a monolithic slab tunneling
behind siding to get to the food source, oriented strandboard
(OSB), sheathing and the untreated spruce studs of the interior of
the home (Photo by K. Ragon).
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Figure 5. Formosan termite carton nest inside a pine tree Pinus spp (Photo by
K. Ragon).
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Figure 6. Workers of C. formosanus are shown above degrading a control
block of southern yellow pine sapwood Pinus spp. in an AWPA E-1
no choice test. Native termite workers look very similar to the C.
formosanus workers; therefore it is difficult to distinguish termite
species by using workers (Photo by K. Ragon).

83

A

B

Figure 7. Photo A, C. formosanus termite soldier, showing its tear-drop
shaped head. Photo B, Reticulitermes spp. soldiers, showing their
rectangular shaped head (Photos by K. Ragon).
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Figure 8. C. formosanus termite alates (picture from Agriculture
Research Service) (http://www.ars.usda.gov).
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Figure 9. Reticulitermes flavipes winged alate (photo from
Matthew Messenger, New Orleans Mosquito and
Termite Control Board)
(http://www.termitesurvey.com/distribution/reticulitermes_flavipes.shtml ).
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Figure 10. C. formosanus alates inside the nuptial chamber after they have shed
their wings with 17 larvae and 23 eggs a few months after alate flights.
(Photo by B. Lindsey).
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Figure 11. One of many Reticulitermes spp. supplementary (neotenic)
reproductive termites found in a Dorman Lake termite colony
(Photo by K. Ragon).
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Figure 12. Colony (1-1) at the LSU-AgCenter Citrus Station Formosan test plot.
The picture is a frontal view of the southern axis extending from the
point at which the C. formosanus termite colony was inoculated. This
shows five stakes planted three feet apart showing the vibration stake
and its power source. The western axis in the background shows
similar stakes planted on the western axis (Photo by K. Ragon).
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Figure 13. Photo of the K34 stake with a small DC motor attached as a vibration
source (Photo by K. Ragon).
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Figure 14. Photo of the small DC motor added to the K-34 stake (Photo by K.
Ragon).
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Figure 15. Photo of 10 stakes planted three feet apart at Mississippi State
University’s Dorman Lake test site where historically large
concentrations of R. flavipes have been documented (Photo by K.
Ragon).
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Figure 16. Photo of C. formosanus colony (1-2) showing the trash residue from the
flood water on the insect screen surrounding the colony, indicating that
water had submersed the test site during the hurricane (Photo by K.
Ragon).
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Figure 17. Photo of damage by the C. formosanus to stake K34 that had a
vibrating motor added. No termites were present because of flooding
from a hurricane; note the battery box (holding four marine batteries)
had floated 5 cm to the right (Photo by K. Ragon).

94

Figure 18. Rendering showing the bait crate installed near a C. formosanus
infested pine (Pinus spp.) on Ben Gill road near the MSU Formosan
Termite Research Facility. On the opposite side of the tree was a
similar bait crate with no vibration as a control.

95

Figure 19. Method for testing the directed movement of C. formosanus to a
specific electromagnetic frequency.
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Figure 20. Description of the wire wound around the southern yellow pine
sapwood core used to replicate what was observed in high-power
naval communications. The SYP core was 1.27 cm (1/2 inches) square
by 30.5 cm (12 inches) long and the 18 gauge solid copper wire
covered 20.3 cm (8 inches) of the SYP core.
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Figure 21. Photo of the test configuration showing the four containers that
held the choice food sources around the central container where
C. formosanus were placed (Photo by K. Ragon).
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Figure 22. Photo of the bundled southern yellow pine sapwood (Pinus spp.) food
source. Four bundles were placed in all of the choice containers
(Photo by K. Ragon).
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Figure 23. Photo of the southern yellow pine sapwood (Pinus spp.) food source
with the electronic frequency applied; dubbed the “Termite Charm”
(Photo by K. Ragon).
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Figure 24. Photo of the installation of the food source; this food source had
electromagnetics applied and buried in the soil (Photo by K. Ragon).
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Figure 25. Photo of C. formosanus-infested wood added to the central colony
container in the middle of the test configuration (Photo by K. Ragon).
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Figure 26. Photo of the central colony site showing the difference in the south
side shelter tubing to the electrical source. The tubing was branched
and noticeably thicker than other tubes. The North, West, and East
side controls had small tubing or no tubing present (Photo by K.
Ragon).
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Figure 27. Photo of the south side entrance going into the food choice with
electromagnetics applied showing branched, thick shelter tubes
(Photo by K. Ragon).
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Figure 28. Photo shows the response of C. formosanus tubing to the
electromagnetic frequency inside the food supply container on the
south side of the experimental configuration. Major foraging shelter
tubes seen following electrical frequencies. Comparative pictures; on
the right, red outlines the shelter tubes and the normal photo on the
right (Photo by K. Ragon).
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Figure 29. Photo shows the response of C. formosanus to the north and west
side control food source. A single shelter tube to control 128 on the
north side of the experiment and a single shelter tube with one branch
on control 129.5 on the west side that was near the experimental unit
(Photo by K. Ragon).
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Figure 30. Photo of the reaction of C. formosanus to the east side control
showing no activity. The box was located too close to an outside wall
and the elevated temperature caused the termites not to forage to the
control (Photo by K. Ragon).
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Figure 31. C. formosanus at the introduction point of the test, termites are
covering the entire test arena with the test frequency within the range
(2001-3000) Hz (Photo by K. Ragon).
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No FST after 14-days in Replicated studies.

Figure 32. The test frequency with the range (3001-4000) Hz had no C.
formosanus on the wood with the electromagnetic frequency applied
and 100% of the C. formosanus on the control in replicated 14-day
studies (Photo by K. Ragon).
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C. formosanus were 11 ½” (29.21 cm) away
from the generation site but did not tube to
the frequency site.

Figure 33. The frequency tested within the range (3001-4000) Hz had no C.
formosanus foraging within 11.5” (29.21 cm) of the wood with the
electromagnetic frequency applied, and no termites were in the shelter
tubes that angled near the site where the electromagnetic frequency
was applied (Photo by K. Ragon).
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Figure 34. The test frequency within the range (3001-4000) Hz had 100% of C.
formosanus on the control where no electromagnetic frequencies were
applied (Photo by K. Ragon).
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Figure 35. Test chamber showing 95% of C. formosanus on the wood with
electromagnetic frequency within the range (500-1000) Hz applied.
This frequency averaged 88% of C. formosanus on the frequency
source verses the control after 14-day replicated studies (Photo by K.
Ragon).
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Figure 36. A closer view of C. formosanus on the test frequency within the range
(500-1000) Hz. (Photo by K. Ragon).
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Figure 37. Test chamber showing foraging from the control that did not have
electromagnetic frequency applied to the wood where electromagnetic
frequency within the range (2001-3000) Hz was applied with 90% of
C. formosanus on the frequency generation site verses the control.
This frequency averaged 87% C. formosanus on the wood with
electromagnetic frequencies applied after 14-day replicated tests
(Photo by K. Ragon).
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Figure 38. A close up of C. formosanus on/in a wooden test unit with applied
electromagnetic frequency within the range (2001-3000) Hz
(Photo by K. Ragon).
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Figure 39. Bottom view of the test chamber showing C. formosanus underneath a
wooden test unit with an electromagnetic frequency applied within the
range (2001-3000) Hz (Photo by K. Ragon).
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Figure 40. A bottom view of the test chamber showing a wide C. formosanus
foraging gallery going to the underside of a wooden test unit with an
electromagnetic frequency applied within the range (2001-3000) Hz
(Photo by K. Ragon).
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Figure 41. A close up of the underside of a test chamber showing C. formosanus
under a wooden test unit with a electromagnetic frequency applied
within the range (2001-3000) Hz (Photo by K. Ragon).
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Figure 42. Test chamber showing 85% of C. formosanus on the wooden test unit
with an electromagnetic frequency within the range (1001-2000) Hz,
averaging 78% of C. formosanus on the wooden test unit with the
frequency applied after the 14-day test (Photo by K. Ragon).
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Figure 43. Bottom view of the test chamber showing C. formosanus wide shelter
tube built from the control that did not have a frequency applied to the
center of the test chamber and then to the wooden test unit with the
electromagnetic frequency applied within the range (1001-2000) Hz.
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Figure 44. A close view of C. formosanus on the wooden test unit that had an
electromagnetic frequency applied within the range (1001-2000) Hz.
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Figure 45. Electric current passing through a wire
and magnetic fields (Blue) are shown
around the wire (sunblock99.org).
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Figure 46. Electric current passing through a coiled wire (Blue) around ferrous
material (wood in my experiment) and the expanded area of the
magnetic field (Black) (sunblock99.com).
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Figure 47. The only site location still active in the World where VLF and LF naval
submarine communication frequencies are both generated and it is
located in Lualualei on Oahu, HI where the experiment originated
(FAS.org/nuke, Federation of American Scientists).
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Figure 48. Frequencies associated with Submarine Communications (FAS.org).
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Band Name

Acronym

Frequency

Wavelength

Extremely Low
Frequency

ELF

3-30 Hz

Super Low Frequency

SLF

30–300 Hz

Ultra Low Frequency

ULF

300–3000 Hz

100,000 km - 10,000
km
10,000 km – 1000
km
1000 km – 100 km

Very Low Frequency

VLF

3–30 kHz

100 km – 10 km

Low Frequency

LF

30–300 kHz

10 km – 1 km

Medium Frequency

MF

300–3000 kHz

1 km – 100 m

High Frequency

HF

3–30 MHz

100 m – 10 m

Very High Frequency

VHF

30–300 MHz

10 m – 1 m

Ultra High Frequency

UHF

300–3000 MHz

1 m – 100 mm

Super High Frequency

SHF

3–30 GHz

100 mm – 10 mm

Extremely High
Frequency

EHF

30–300 GHz

10 mm – 1 mm

Figure 49. Naval radio wave communication spectrum (from the Federation of
American Scientists); highlighted are frequencies were tested
(FAS.org).
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Figure 50. Summary of radio frequency communications spectrum from (FAS
FAS.org).
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Figure 51. Communication capabilities for submarine operations (FAS.org).
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Figure 52. A wooden test unit with an electromagnetic frequency applied within
the range (300-500) Hz. Test chamber showing 100% of C.
formosanus on the wood with the frequency applied and no termites on
the control wood with no frequencies applied after the 14-day test
(Photo by K. Ragon).
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Figure 53. Test chamber showing the control that had no frequency applied with
no C. formosanus, top view (left) and bottom view (right) showing no
C. formosanus after the 14-day test period. The test wood had an
electromagnetic frequency within the range (300-500) Hz applied that
had drawn 100% of C. formosanus at the end of the 14-day test
(Photo by K. Ragon).
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Figure 54. The wooden test unit with an electromagnetic frequency applied within
the range (300-500) Hz showing the top view (left) and bottom view
(right) that had 100% of C. formosanus activity after the 14-day test
(Photo by K. Ragon).
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Figure 55. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (30-299) Hz with 100% of C.
formosanus on the wood with the frequency applied and no termites on
the control wood with no frequency applied after the 14-day test
(Photo by K. Ragon).
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Figure 56. Test chamber showing the control that had no frequency applied with
no C. formosanus, bottom view (left) and top view (right) showing no
C. formosanus after the 14-day test period. The test wood had an
electromagnetic frequency applied within the range (30-299) Hz that
had attracted 100% of C. formosanus at the end of the 14-day test
(Photo by K. Ragon).
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Figure 57. The wooden test unit with an electromagnetic frequency applied within
the range (30-299) Hz shows the top view of the right side (left) and
the top view of the left side (right) with 100% of C. formosanus on the
wooden test unit with the frequency applied. In the photo on the right
side, termites were consuming the wood, filling the coils with sand and
were placing chewed plastic (wire covering) in the shelter tube (Photo
by K. Ragon).
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Figure 58. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (3001-4000) Hz at 1 K ohm
resistance using a maximum 20 volts peak to peak had 250 (21%) of
the 1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied. This was the same frequency range that repelled
100% of C. formosanus in Chapter 9 (Photo by K. Ragon).
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Figure 59. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (2001-3000) Hz at 1 K ohm
resistance using a maximum 20 volts peak to peak had 50 (4.2%) of
the 1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied. This was the same frequency range that attracted
86% of the C. formosanus in Chapter 9 (Photo by K. Ragon).
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Figure 60. Bottom view of the test chamber showing the wooden test unit with an
electromagnetic frequency applied within the range (2001-3000) Hz,
showing the return of R. flavipes from the colonized control to the
center of the chamber. The termites connected the control to the
wooden test unit (Photo by K. Ragon).
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Figure 61. Bottom view of the test chamber showing the control wood without a
frequency applied with 96% of 1200 R. flavipes colonizing the control
at the end of the 14-day test. This test chamber had a wooden test
unit with an electromagnetic frequency applied within the range
(2001-3000) Hz that had 50 (4.2%) R. flavipes on the test unit (Photo
by K. Ragon).
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Figure 62. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (1001-2000) Hz at 1 K ohm
resistance using a maximum 20 volts peak to peak had 30 (2.5%) of
the 1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied. This was the same frequency range that attracted
78% of the C. formosanus (Chapter 9) (Photo by K. Ragon).
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Figure 63. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (300-1000) Hz at 1 K ohm
resistance using a maximum 20 volts peak to peak had 20 (1.6%) of
the 1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied. This was the same frequency range that attracted
88% of the C. formosanus (Chapter 9) (Photo by K. Ragon).
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Figure 64. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (150-261) Hz at 10 K ohm
resistance using a maximum 20 volts peak to peak had 546 (50%) of
the 1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied (Photo by K. Ragon).
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Figure 65. Test chamber showing the wooden test unit with an
electromagnetic frequency applied within the range (150-261) Hz
at 10 K ohm resistance using a maximum 20 volts peak to peak
had 100% of the 1200 R. flavipes on the wooden test unit with the
electromagnetic frequency applied. This was the only test using
a frequency that resulted in 100% attraction (Photo by
K. Ragon)
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Figure 66. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (70-121) Hz at 10 K ohm
resistance using a maximum 20 volts peak to peak had 100% of the
1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied (Photo by K. Ragon).
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Figure 67. Test chamber showing the control that had no frequency applied with
no R. flavipes on the control after the 14-day test period. The test
wood had an electromagnetic frequency applied within the range
(70-121) Hz applied that had attracted 100% of R. flavipes at the end
of the 14-day test (Photo by K. Ragon).
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Figure 68. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (70-121) Hz at 10 K ohm
resistance using a maximum 20 volts peak to peak had 100% of the
1200 R. flavipes on the wooden test unit with the electromagnetic
frequency applied (Photo by K. Ragon).
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Figure 69. Test chamber showing the wooden test unit with an electromagnetic
frequency applied within the range (40-60) Hz at 10 K ohm resistance
using a maximum 20 volts peak to peak had 100% mortality of the
1200 R. flavipes in the test chamber at the end of the 14-day test
(Photo by K. Ragon).
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Figure 70. Test using a constant electromagnetic frequency applied within the
range (30-299) Hz applied at 1 K ohm resistance using a maximum
20 volts peak to peak had 100% of C. formosanus on the source at
the end of the 14-day test. The termites foraged away from one side
of the test unit 15.2 cm (Photo by K. Ragon).
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Figure 71. Test using a constant electromagnetic frequency applied within the
range (30-299) Hz at 1 K ohm resistance using a maximum 20 volts
peak to peak had 100% of C. formosanus on the source at the end of
the 14-day test. The termites foraged away from one side of the test
unit 15.2 cm (Photo by K. Ragon).
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Figure 72. Test using a constant electromagnetic frequency applied within the
range (30-299) Hz at 10 K ohm resistance using a maximum
20 volts peak to peak had 100% of C. formosanus on the source at
the end of the 14-day test. The termites foraged away from the test
unit on both sides of and the longest tunnel was 38.1 cm on the left
side down the edge of the test chamber (Photo by K. Ragon).

149

Figure 73. Test using a constant electromagnetic frequency applied within the
range (30-299) Hz at 10 K ohm resistance using a maximum 20 volts
peak to peak had 100% of C. formosanus on the source at the end of
the 14-day test. The termites foraged away from the test unit on both
sides of and the longest tunnel was 38.1 cm on the left side down the
edge of the test chamber (Photo by K. Ragon).
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Figure 74. Results of Formosan termites on experimental frequencies showing
the number of FST on the wooden test unit with electromagnetic
frequencies applied. Frequencies tested were specific frequencies
within the ranges (Hz) indicated.
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Figure 75. The comparison of the response of C. formosanus
vs. R. flavipes to frequencies within the ranges (4000-3001, 30002001, 2000-1001, 1000-300) Hz.
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Termites attracted to frequencies during the 14-day
tests documenting the percentage of termites
attracted by date using 10 K ohm resistance.

Figure 76. Graph of native termite (R. flavipes) colonies collected from Stennis
space center showing the attraction at specific dates during the 14-day
tests for August and September. The frequency within the range (70120) Hz in blue refers to the ranges within which specific test
frequencies were located and shows the percentages of termites on
the wooden test unit with the frequency applied at the date observed.
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Termites attracted to frequencies during the 14-day tests
documenting the percentage of termites attracted by date
using 10 K ohm resistance.
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Figure 77. Graph of native termite (R. flavipes) collected from colonies found at
Dorman Lake showing the attraction at specific dates during the 14day tests for September and October. The frequency within the range
(70-121) Hz in blue refers to the ranges within which specific test
frequencies were located and shows the percentages of termites on
the wooden test unit with the frequency applied at the date observed.
This test replicate was the only test where termites lived in chamber
that had the wooden test unit with the electromagnetic frequency
applied within the range 10-30 Hz applied (orange) and it shows 100%
controlfor that test only.
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Termites attracted to frequencies during the 14-day tests
documenting the percentage of termites attracted by date using
10 K ohm resistance.
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Figure 78. Graph of native termite (R. flavipes) collected from colonies found at
Starr Forest showing the attraction at specific dates during the 14-day
tests for October and November. The frequency within the range (70121) Hz in blue refers to the ranges within which specific test
frequencies were located and shows the percentages of termites on
the wooden test unit with the frequency applied at the date observed.
This test replicate was the only test where 100% of 1,200 R. flavipes
were found on the wooden test unit with the electromagnetic
frequency applied within the range 150-240 Hz applied (green).
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